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MHMCbMO B PEJTAKITMIO 


B uate crarbe «O TOUHBIX pellieHHAX JIMHeapv3HpoBaHHOl 3aauM oO TO- 
YeyHOM B3pbiBe C TipoTHBosaBseHuemy (JIAH, 116, Ne 2, erp. 189, 1957 Tr. ) 
B pa3BHTOH HaMM TeOpHH ABYMOKeHHA Ta3a upH. Y=+-7 B Tleppoe u3 ypaBHeHnit 


cucTembl (3) culeqyeT 106aBuTb Caraemoe -+- = {. Yuer sroro cnaraemoro He 


H3MeHUT BUfla NosyyeHHoro peiuenna (10), H3MeHATCA TONbKO UNCeHHbIe 3Ha- 
YEHUA HeKOTOPHIX KOS(PPMIHEHTOB HM BeEHUHH fF, HU fo. 
B  TpeTbeM ypaBHeHuv cHcTeMpl (3) BMecTo nepBoro  caraemoro 


inate ae OJLKHO ObITb ({ — Nas - 


aha es =7 B (bopmyae (11) ie %, B 3HaMeHaTeJIb HeEOOXOAHMO JO6aBHTb 


unex — SV OT +)" 
% {- 4 
B. IT. Kopo6etinuxoe 
H. C. Meaoxukoea 
M-04822 [lognucaHo Kk neyatu 28 1V 1959 pr. Tupax 5100 9x3, dak. 1933 


@opmar 6ymaru 70 1081/35. Bym. a. 7,0 Tew. a. 19,18+5 pxaeex Yu.-u3n. a. 20,2 


2-Tunorpapua Msqatemerpa Akagemuu nayx CCCP. Mocksa, Iy6uncxui nep 10 


an 


1959. Tom 126, Ni 1 


MATEMATHKA 


M. A. BAXTHH 


O HEJIMHEMHbIX YPABHEHHSAX C BOFHYTbIMM WH PABHOMEPHO 
BOFHYTbIMH ONEPATOPAMM 


Hormayo Akagemun nayr CCCP 
| 

| 

| (Tpedcmaeaeno axademukom IT. C. Anekcandpoenm 16 I 1959) 
| 


_ B paOorax M. A. Kpacnocessexoro, JI. A. JlaqpokencKoro u apropa (#77) 
pasBuTa TeCOpHA HeJIMHEHHbIX ypaBHeHHH C BOrHYTHIMM OMepaTopaMH, JelicTBy1O- 
IHMHM B BeILeCTBEHHBIX WpocTpaHcTBax BaHaxa c OHM WJM ABYMA KOHYyCaMH. 
B sux paOorax, KaK MpaBHJ0, Mpesnomaraetcx, TO paccmaTpuBaemble onepa- 
TOPbI BIOJIHE HEMPePbIBHbI. OTO MOSBOJIAeCT, B YACTHOCTH, MPHMEHATH JIA OKa- 
3aTEJIbCTBA TEOPeM CYLIECTBOBAHHA TOMOJOPHYeCKHe METOIHI. 

Hwke NOKa3bIBaeTCA, YTO OCCHOBHBIC pesyJbTaTEI pador (°~’) pacnpocrpa- 
HAIOTCA Ha HEKOTOPble KJacCbl ypaBHeHUli C BOTHYTbIMHM OMepaTopaMH, He AB- 
ATIOWMUMUCH BHOTHE HenpepbiBHEIMH. [IpexnonoxeHna O nomHO HenpepbiBHO- 
CTH 3aMCHAIOTCA CHeWHaJIbHbIMH NpeNOMOKeHHAMM adreOpaMyeckoro Xapak- 
Tepa. STO MOsBOUIAeT BMECTO TOMOMOMYeCKUX MPHeMOB MpH WOKasaTeMbLcrBe 
TeOPeM CYILECTBOBAHHA MCMOJIb30BaTb aJireOpanyeckue Ccoo6paxkeHua (Ha 9TOM 
TIYTH NOJyualoTcs HOBbIC TOKasaTeJILCTBA PaHee H3BECTHbIX TEOPeM O BOTHYTHIX 
BUOJIHE HeEMpepbIBHbIX OMepaTopax). 

- Heyxe ucnomb3yetca OObltuHad TepMHHOJIOrMA, IIpHMeHseMast B TeOpHH 
M. [. Kpeltiua (*) mpccrpaucras c koHycom. OmpeyeseHua, oTHocsliueca K 
HeJIMHeHHBIM OMepaTopaM, cM. B (*°). 

1. Ilyers E —semecrBenHoe OaHaxopo mpocTpaHcTBo c JByYMA KOHycaMu 
K wk, (K CK,), tonyynopaqoyvennoe np lomo «6oubmero» Konyca Ky. 
Ilyerb onepatop A jelictByet B EL. 

Onepatop A HasbipaloT MOMOKUTeCAbHEIM Ha K, ecnu AK CK. One- 
patop A Ha3spiBaioT MOHOTOHHDIM Ha K, eC 3 $1< oe ($1, $2 €K) cule- 
ayet Ag, < Ag. 

TlomoxUTeJbHbI HM MOHOTOHHDIM Ha K onepatop A Ha30BeM paBHOMepHO 
Up-BOTHYTHIM, eCJM: a) Ana mo6oro OE K (p #0) cyulecTByloT Takue ducJa 
a, 8B >0, 4TO aly<Ap< Buy, re Uo — PUKCMpOBaHHbI HeHyJeBOH 9JIeMeHT 
uz K; 6) gaa mo60or0 EK, yROBNeTBOPAIOMerO COOTHOIMECHHAM [ly VP KX Wy 
(u, v> 0), mpa Bcex ¢ u3 KaxKgoro cermenta [a, 0] C (0,1) BbmonHseTcaA He- 
papenctBo Atp>>(1 + 7)fA¢g, B KOTOpOM TlOMO*KHTeMbHOe YHCMO 7% 3aBHCHT 
TOJIbKO OT UCe LW, v, AU OD. 

Kmacc paBHOMepHO wp -BOrHYTbIX OMepaTOPOB BKJIOUCH B KJIaCC Up-BOTHY- 
TBIX, a CJI@HOBAaTeIbHO, HU {Ky, Uo}-BOrHyTbIX (°) OMepaTOopoB, JeHCTBytOlluxX B 
[pocTpaHcTBax c JByMaA KOHycaMH. Kyslacc PaBHOMepHO Uo-BOrHYTbIX OlepaTo- 
poOB JOCTaTOUHO WIHpOK; HallpHMep, OllepaTOp Bo = Ao-+ yuo, Tae Y | 0, paB- 
HOMEPHO UWp-BOrHYyT, ecsiM oneparop A BorHyT (°%). 

Onepatop A Ha30BeM Up-HeEMpePpbIBHBIM, eCJIM ON Karxkylo CXOMAILy- 
OCH MOCMEMOBATEMbHOCTH Mpec6pasyel B MOCMeMOBaTeMbHOCTh, CXOMAMLyIOCA 10 
Uy-HopMme (°, °, 7) 

Teopema |. ITycmo Konyc K, nopmaaen. Ilycmo onepamop A Up-t e- 
npepoleen, enoane nenpepoleen uu {Ky, Uo}-eoenym. Toeda A* pasxomepro 
Uy-@0eHYM. 


Orciola, B YacTHOCTH, BbITeKaeT, 4TO OMeparop A? B ycmoBMAX TeopeMbt | 
Up-BOTHYT Oxa3biBaeTcs, uTO STOT (pakT CupaBeyHB Mpa Oosee oOmyHx Mpey- 
nlomoxenuax. Kpagpat {K,, uo}-BorHyToro (He OOA3aTeJIbHO BMOJIHE HelpepbiB- 
Horo) OlepaTopa ABJIACTCA Uo-BOPHYTbIM OllepaTOpoM. 

PaBHOMepHO Ug-BOFHyTble OepaTopbl He OOASaTeIbHO BIOJIHE HerIpepbIBHEI. 
Hanpumep, oneparop Ap =oO-+ Uo, roe u(x)==1, paBHOMepHO Up-BOrHyT B 
mpoctpaucrse C Hempeppipuplx Ha [0, 1] cyHkuMH Cc KoHycamMu K = Kk, Heor- 
pullaTeIbHEIX (PyHKUMH. 

Ha ypaBHeHua C paBHOMepHO WW -BOrHYTbHIMH ONepaTOpaMH, HMeCIONHMM M0 
Kpalineli Mepe OMMH cOoOcTBeHHBIM BeKTop B K, pacMpocTpaHAIOTCA M3BeCTHBIe 
qpakTbl TeEOpHu BOrHyTHIX onepaTopoB. IlpuBenem HeKOTOpble yTBepKTeHHA. 

2. B jlasbHelieM MpelmosaraeTcA, TO MHO2XKeECTBO JJIEMeHTOB, AIA KOTO- 
PbIX ONpeweeHa Uy-HOpMa, MOJHO MO Uo-HOpMe. 

ByeM roBOpuTb, YTO OfHOMapaMerpwyecKoe cemelicTBO (A) (AE (a, B)) 
COOCTREHHbIX BEKTOPOB OMepaTopa OOpa3yer HEeMpPepbIBHYIO Uo-BETBb OeCKOHeY- 
HOM JIMHBI, CCIM P(A) HeMpepbIBHO MO Up-HOpMe 3aBUCHT OT A HM eCIM AJA JO- 
6o% appl uucen m, M > 0 moxuo yKa3aTb TakylO Wapy YHCe dy, he E (a, 8B), 
yTO ©(Ay) — muy & Ky wu Muy — (de) @ Ky. OTMetum, uTo 9ToO onpesenenne 


OTMMuaeTCA OT MOHATHA HenpepHiBHolt BerBu B cmbIce M. A. Kpacnocenb- 
cKoro (*). 

Co6crBeHHble BeKTOpbl OMepaTopa A Ha3biBaloT 10 10 KH TEC I bHBIMY, eC- 
JIM OHM IpwHanwiexaT «MeHbiemy» KoHycy K. MuoxecTBo COOTBeETCTBYIOULUX 
COOCTBCHHBIX UHCe Ha3bIBaIOT NOSHTHBHBIM CHeKTPOM. 

Teopema 2. JTo3umuenoui cnexmp S paeHomepHo Uuy-e0eHymoeo onepa- 
mopa A coenadaem c HeKomopeim unmepeanom (a, 8). Kastdomy KES omee- 
yaem eCOUHCMBEHNObUL NonoNCUMeNbHOI coOCMBeHHoItL eexmop P(A)EK, npusrem 
cemeticmeo ~(d) obpasyem HenpepoleHYyt0 U-eeméeb OecKoHe4Holt OAUHoL. PYHK- 
Yun p(h) MOHOMOHHA: CCAU dy > dg, MO O(\y) << (Ad). 

Teopema 3. IIycme EK (¢*=+-9)— pewenue ypasHenun p= Ape 
PaBHOMEPHO Uy-60eHymetm onepamopom A. Tozda npu snbom pEK ()-0) 
NocAedosameNbHOCMb n= Agn_; (n= 1, 2,...) no Up-Hopme cxoOUMCcA K ¢’. 

3. Jo cHX Op Mbl peqnouaramu, uTO paBHOMepHO Uy-BOrHyTHIM onepaTop 
umeet B K mo kKpalHel Mepe OHH COOcTBeHHbI BeKTOp. YKaKeM JOMOJHH- 
TeJIbHbIe /yCJIOBHA, KOTOPble fapaHTHpy!OT CylleCTBOBaHve Takoro COOCcTBeHHOrO 
BeKTOpa. 

Yepes By 0603Ha4HM TaKOH JMHeHHDIM OnepaTop (ec OH CyllecTByeT), 4TO 


Al AD N (1) 
re 


lim Ilo (A) lly, 


Il A llu4>0 \| h a = O: (2) 


Uepe3 Bo. 0603HauHM TaKOH sMHeMHI OnepaTop, uTO 


lim Il Boge — Ag || uo _ 0 
ella > (1? lly, (3) 


[1a PopMyJIMpyeMBIX HH2Ke IpeLNOxKeHn PocTaTouHo,yTOObI lipeqcTraBJlIeHua 
uM cooTHoeHHa (1) — (3) uMenu MecTO JIMUIb AIA QnemMeHTOB u3 K (Tt. e. MocTa- 
TOUHO PacCMaTPHBaTb «MudpepeHilupyeMocTb 0 KOHycy» B cmbicme M. A. Kpac- 
HOC€JIbCKOPO). 

B MpHBOAMMbIX HMxKe Teopemax 4—6 oneparop A lipeqmoiaraetca paB- 
HOMePHO Wo-BOrHYTHIM. 

Teopema 4. J[na moeo umo6or ypaenenue ~ = Ap umeno 6 Konyce K 
HeHYNeG0e pelenue, HeOOXOOUMO U OoCMamo4HO, uMOOoL CYLUeCMeoGanu Oea ma- 
KUxX HeHYyNeGlx anemenma 9, PEK, amo p< Ag, b> Ad. 

Teopema 5. Ecau xonyc K seasemca Konycom Ku, 2 (*), mo A umeem 
& K coOcmeennole eexmopol. 
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ig@ Teopema 6. J[an cywecmeosanua y onepamopa A cobcmeennelx eexmo- 
pos 6 K. docmamouno, umobot eoinoansanoce ycaocgue: no Kpatinett mepe oOuM us 
onepamopoe By urt Boo cytuecmeyem u umeem e K cobcmeennolti eekmop. 

_ 4. B mpamenspumxcsa panee (*”) onpeenenusx BOrHyTsIx onepaTopos du- 
rypupyeT yciopue: Qa mo6oro HenyseBoro @€ K cymlectByior takue a, B >0, 
GTO AUy< AP< fu, THe Uy — uKcupoBaHHDlii HeHyjleBoH asemMenT u3 K. 
SaMeHHM 9TO YCJIOBMe B OMpefeeHHM paBHOMepHO Uy-BOrHYyTOrO oMmepaTopa 
AByMA Oovlee cwlaObIMu: a) m06omy ~€K coorsercrsyer Takoe 8> 0, uro 
Ap< uy; 6) ana mo6oro oEK, YHOBJETBOPAIOMerO HePaBeHCTBY © > uly 
(y > 0), Moxer ObiTh yka3aHo Takce a > 0, 4TO atl) < Ag. Monyuenuniit Tipu 
STOM Ooslee IMpOKHH KJlacc oMepaTopoB O6yfeM Ha3bIBaTb KsIaccOM 
(#)-BOT Hy TbIXx ONeparopos. 

_ {na omeparopos 43 yka3aHHoro KJlacca ClpaBesIMBbI yTBepxKeHUA TeOpeM 
2-—-6, eC OT BCeX SeMeHTOB 9 UM COOCTBEHHEIX cbyHKMit 9, durypH- 
PYIOINUX B YCJIOBMAX TeOpeM, NOMOJHUTeMbHO TpeOoBaTb, 4TOOBI OH y oBuie- 
TBOPANH yCJIOBHIO > Ay, Te «= a(y) > 0. Pewienus u coOcrBeHHble dbyHK- 
HH, CYyMeCTBOBaHHe KOTOPIX AOKA3bIBaeTCA, IPH STOM TaKKe yJOBJIETBOPAIOT 
MOCJIEMHEMYy YyCJIOBHIO. 

5. YxkaxKeM HekOTOpble HOBIE yCJIOBHA BOrHYTOCTH onlepaTOpoB B Mpo- 


“TpaHcTBe C, HelpepbiBHblx Ha[0,1] BeKTop-cbyHKuHi 9 = o (4) =40 rae 
-,9n(x)} c KoHycamu K = K, BexkTop-cbyHkuHii c HeOTpHaTebHbIMM KOM- 


TOHeHTaMH. IlycTb Up = Uy (x)= {1,..., 1}. 
PaccMoTpHM BHaYasle onepaTop 
Ag = {Ayg,..., Ang}, (4) 

ne 

Aye (x) = O,[x; Gi (x),---,9n(x)] (= 1,.-.,2). (9) 
_ U[peqnonoxum, uro dyuHKunu O;(x; Wy,...,Un) (OK x1; Oy... 
...,Un <0) HeMNpepbIBHbI MO COBOKYMHOCTH MepeMeHHbIX H yOBJIETBOPAIOT 
yCJIOBHAM: 
1) ©; (x; uy,...,Un) He yOniBaloT no nepemeHHbIM uj (f= 1,...,7), MpH- 
iem ©;(x; 0,...,0)==:0; 
2) ana mo6oro HaGopa uNcel Wy,...,Un>O0 uw mpu Kaxjom t€(0,1) Bul- 
IOJIHACTCA HepaBeHCTBO 
| ches {Ee |>0. 
0<x<1 ee pat Veen 


Ip 2rux npeyqnonoxenuax oneparop A 6yaer (#)-BorHyT. Orcioga, B 4YacT- 


IOCTH, BbITeKaeT, UTO JIA OnepaTopa (4) — (5) cipaBeqMBbI Bce yTBepxKTeHUuA 
eopeMbl 2, eCJIH MaTpHila 


(aa, 0) ca: 0)) 


n 
Z,j=1 


iMeeT COOCTBCHHDIM BeEKTOP C MOJIOXKUTCbHBIMM KOMIIOHCHTaMH. 
B KauecTBe BToporo mpHMepa paccMorpuM onepatop (4), rae 


Ag (x) =\Kilx, 5; 91 (5)p---,n(s)}ds (i=1,...,n). (6) 


IpeqnonomKum, uro dynkunn K;(x, s; W,.--,Un) (OS 4,8], OU eae 
.,Un < co) HeMlpepbIBHbI MO COBOKYIHOCTH NepeMeHHBIX HM YAOBJETBOPAIOT 
CJIOBUAM: n 
1) Ki (x, 8} ty,-.-,Un) He yOviBalor mo MepemenHpim uw; (j= 1,...,7), 
puuem K;,(x, s; 0,...,0)==0; . 


2) aaa mO60ro HaGopa UNCeN Wy,...,Un > O uM mpu KaxKyom ¢€(0,1) cmpa- 
Be]\JIMBO HepaBeHCTBO 


PVA eae Vee 


Torga oneparop (4) — (6) (#)-BorHyT. SHauHT, A Hero CnpaBeIMBbI yTBepxk- 
JleHUs TeopeMpbl 2, eC, HanpuMep, CHcTeMa JIMHeHHbIX HHTerpaJIbHBIX ypaBHeHui 


min 
0<X, S<1 


ne Sy Ct ceopeslth ea) Kp GaSie tidy so gle) \>0. 


0; (x) S Kia; (x, 8; 0,...,0)9-(s)ds (i =1,...40) 


I 
rae 
Sta 


WMeeT COOCTBEHHYIO BeKTOP-PyHKIMIO C MOJIOXKUTEJbHDIMH KOMIIOHEHTAaMH. 
B 3aksloueHue aBTop BbIpaxkaer OularosapHocTb cBoemy yuutesmo M. A. Kpac- 
HOCeJIbCKOMY 3a BHUMaHHe H COBeTHI. 


Bopouexckuit TrocyJapcTBeHHbilt Tloerymus0 
nejarorwueckHH MHCTHTYT 13 I 1959: 


WHTHMPOBAHHASA JIMTEPATYPA 


1M. T. Kpewtu, M.A. PytMmMau, Ycn. Matem. unayK, 8, I (23) (1948). 
. B. Kautoposuy, B. 3. Byanx, A. T. Iluuckep, M®yxHkiyuonanbupit 
aHaslH3 B NOMyyNOpAOYeHHbIX NpocTpaucTBax, 1950. 3M. A. KpacHoceapcknuit, 
JI. A. JlIaqnpxeuckunh, Tp. Mock. matem. o6m., 3 (1954). *M. A. Kpacuo- 
cebcKUH, TonodoruuecKHe MeTO,bI B TEOPHH HeJIMHeMHbIX MHTerpaJIbHbIX YypaBHeHHli, 
S59 Pash ARE Dey ciseriiin a | alee mUiA edna GiGi). iat, A\s bea x ronan 
M. A. Kpacuoceatbckun, JAH, 123, Ne 1 (1958). *W. A. Baxtun, Onono- 
2KUTCJIbHIX PCWICHHAX HCJIMHEHHBIX ypaBHeHHH Cc BOTHYTbHIMM ONepaTopaMmu, Jiucceptauusa, Bo- 
poHexck. roc. yHuB., 1958. 


Jlornaypn Akayemun wayr CCCP 
1959. Tom 126, Ne 4 


MATEMATHKA 


JltoGomup VJIVEB 


KPUTEPHH- AHAJIMTHYECKOH HEMNPOJOJDKUMOCTH 
CTEMEHHbIX PAROB 


(ITpedcmaeaeno axademuxom B. H, Cmupxosoim 22 I 1959) 


}. Ilyerh pay 
Dia (1) 


n=0 


 YHOBJIETBOpAeT YCJIOBHIO 


tim V Ja.) =1. (2) 


no 


Teopema. Ecau cyiwecmeytom dee eo3spacmaroiue 6ecKoHexHole nocaedo- 


 BAMeALHOCMU UHOeKCOB Mm, << ny, v=1,2,..., u Nekomopoe 4uucao 0,0 <8<1, 
—MaAKUe, 4MO BOLINOAHEHbL YCAOBUA 
| ny 
lim WJa,, | =1, (3) 
v—>Co 
any —k — Am,—k k =o ‘p 2, ep igeh.9, [9n,] (my = [9n,]) (4) 


Ul 4UCAA Am, /An He UMEeIOM B KaYeEcmMee mouKU CceyujeHuA 4ucaa 1, mo pxd (1) 


GHAAUMUMLECKU HenpoOoARCUmM BHE EOUNULHOLL OKPYICHOCMU. 

Sta TeopeMa o6oOulaeT Teopemy Ajlamapa o JlakyHax, a Tak»%Ke Teopemy 
u3 paOotp (*). 

2. Wycth R>1, OX 9, << 2n, 6>0 u I's — KpuBan, cocTraBneHHaa 
M3 CeYIOULNX Ayr: 


I 


z= Re, APL 
ee 
=p, 1—6<.9 TK; 
z=(1—d)e*, a <e<gi +2. 
Vis paOorsi (2) u3BecTHo, 4TO cyulecrByeT 4MCNO 6) >>0, TaKoe, 4roO jJIA 
3ayanHoh KpuBoli Ts, OM d6<o, HalieTcA NMOCMeLOBATeMbHOCTh TOJIMHOMOB 


RN RNA 


I 


(r) () 
q —1 qi 1 Fe, 
Q; (z) as gq ae _ eee ee r? if L, 2; FOROS) 


z 


TaKHX, 4YTO NP BCex JLOCTATOUHO OOIbUIHX F HA AIA mroooro Zz 3 I's BbINOU- 
HE€HO HepaBeHCTBO 


| Q,(2)| <8", (2) 


rye s«, O<e< 1, —uncu0, He 3aBHCAlee OT Op the as 

3. lokagarTreabeTBo TeopeMbl. Ilycrb pay (1) akamnTHueckn Npo- 
JOKUM BHe eMHMUHOM oKpyxHocTH. B sToM cayyae CylecTByeT HeKOTOpas 
Kpupaa T's, Takas, uro cbywkuua f(z) avanurMueckad BHYTpu HM Ha Jo6on 


Al) 


KpuBoh Ts, qua Koropoh 0 <6 < 6. ‘Bpi6epem 5) HAaCTOJbKO MaJIbIM, yTOObI, 
cormacHo pesysbraty Cere, HepaBeHCTBO (&) ObIIO BBIMOJIHeHO AA mro6oro z 


u3 Ts, rne OS 8 <4. 
IIpu duKcupoBaHHom rf < n Mosyyaem 


: ASeqt Saceles 
An—rg + Qn—r-+1 qe, + es ee + Ang”? -L an =1557 | 2n—r+ih Q,(Z) dz. 
ls 


O6osnauum uepes M (8) Makcumym a6comtoTHoro sHayeHns f(z) Hal's. Ecuw 
r=([0n,], [On] <n<ny,, “3 llocmeqHero paBeHcTBa HM (s) Nosysaem 


| An—rgq”? he Qn—r+i qos a8 ouene =- Ang? SE an | < 
i Layic M (3) 1 29 n " 
MAD) Isles) ~ JP =k Oe, (<;) 


ona ta (ia) oS Dae 1—9 
rye 
M (8) ls 2° 
KO= es, a= ey 


uv lg— yuna KpuBoli T's. Ecau sBplOpatb 6 HesaBHCHMO OT fy, TaK 4TOOb! 
0<8<6i, un 1—S>8%, To O<g<l. 

Ec IIpHMeHUTb HepaBeHCTBO (©;) pH focrarouHO OoOubIUMX 2 = Mm, 
n=n,, Nojnysaem 


| Qm— 9) + Ams — rg, + os Om,—19 + am, |< K Bem, 
| Qn, —r qe) sae Any —r 19.2, Bie as an Qn, Sie a On, = K () er" 


oTKya, corsiacHo (4), culeqyer, 4TO 


|@n, —2m,] < 2K (8)e”. (5) 


Ilyctb e} = 1—y, q>O0. pu O< <M AOocTaTOuUHO OombUIMx ny 43 
(3) cmenyer, uTo |Q,,| > (1—%)", Tak uro cormacuo (5) nomyyaem 


<2K (8) ( : 


my 


poe —71\" = 2K (3) 0%, O<er<l 

Pas Zoi = (9) e,", Sues 
YTO IIpOTHBOPeyMT YCOBUIO, YTO YMCA Am, /An’ HE MMewOT B KayecTBe TOUKH 
cryleHua uucso 1. 


Copulickui yHuBepcuter} THoctynuno 
Copus, Bonrapus 20 XI 1958 


UNMTMPOBAHHAA JIMTEPATYPA 


1 Ljubomir Ilieff, Hoxnags Bonrapcxoi Akajemuu uayx, 10, Ne 6, 447 (1957). 
2G. Szeg6, Math. Ann., 87, 90 (1922). 
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Tornage Akagemun nayrx CCCP 
1959. Tom 126, Ni 1 


MATEMATHKA 


M. A. KPACHOCEJIBCKHM u A. HW. MEPOB 


O CYLJECTBOBAHHH PEIWEHUM Y [HEKOTOPbIX HEJIMHEMHbIX 
OMEPATOPHbIX YPABHEHHM 


(ITpedcmaeaeno axademukom IT. C. Aanexcandpoeeim 16 I 1959) 


1. Ulycrb Hemmueiinpli onepatop T(x) yelicrnyer u3 OaHaxoBa mpocrpan- 
ctpa E, B OaHaxoBo npocrpanctso E,. Topopat, uro T(x) HempepbiBHO 
Augmmepeuuupyem no Ppewme, ecu ero npoussoguan Ppeme T’ (x) 
HeIpepbIBHO 110 HOPMe JIMHEHHbIX OMepaTopoB 3aBucuT oT xEE,. 

Hue, Kak OOpl4uHO, uepes (f, y) OOo3HayaeTCH 3HayeHHe JIMHelHOrO (yHK- 
uvonana f€E, Ha smemente y€E,. 

Teopema |. I]ycmo T (x) nenpepoieno Ougoepenuupyem no Ppewe, npuren 


/ ~ eee 1 2 & ) 
(Bh, TAS ropgplall? @ Res), (1) 
20e B — auxetinoii Henpepolenolti u Nenpepoleno oOpamumolti onepamop, Oeticm- 


* 
eyroumuti us E, @ Ey, a nenpepolenan nonoocumeronaa dbynKyuan L(u) seanem- 
cA dynkyueti oceyooecKoeo muna: 


du 2 

aes aes 
Toeda ypaenenue 

T(x)=y (3) 


umeem eOuHCMeeHHoe pewenue 6 E, npu awbom yEEy,. 

STa TeopeMa ABJIAeTCH CYUCCTBEHHDIM YCHJICHHeM [1peQORKeHUA, yKasaH- 
qoro B (1). Teopema | onyckaerT JasbHeluiMe OOCOMLEHHMA (MOXKHO, HallpHMep, 
ipeqmosaratb, uTO onepatop B HesMHeeH M 3aBHCHT OT TOUKH x; B pase Culy- 
Ja€B MOXKHO CYHTATb, YTO MHOXKeCTBO 3HaYeHHH onepaTopa B MWb NMOTHO B 
E, NG er ‘ 

Ilo u3BecTHbIM cxeMaM TeopeMa | IpHMeHAeTCH K HHTerpaJbHbIM HeJIMHeH- 
IbIM ypaBHeHusm (?). AceH Takxxe NyTb MpHMeHeHHA Teopembl | K HccJIeqOBa- 
MIO KpaeBbIX 3aa¥d MWA ypaBHeHHli C YaCTHBIMH NPOWSBOAHBIMM, Kora CooT- 
SeTCTBYIOWNNe udepenlMabHble OlepaTopbl elcTBylOT M3  MpocTpaHcTB 
). JI. Co6oneza (2) Wi B HeKoTopbie MpoctrpaHcTBa Ly,. 

2. PaccmorpuM Tellepb onepaTopHl, AelicTByloljMe B THJbOepTOBOM Ipo- 
TpaHcTBe H7. 

PacTBopom jpyx npocrpancrs Hy, H,C H uaspipator (*,°) yncuo, onpe- 
|eJINeMOe PaBeCHCTBOM 

0(H,, H.)=max{ sup p(x, He); — sup p(x, y)}. 
xGHi, || x || =1 xGHe, || x || =1 
cM yepe3 P, H Py O6O3HAYHTb ONepaTOpbl OPTOFOHAJIbHOrO MpoeKTHPoBaHHA 
ooTBercTBeHHO Ha H, u Hy, TO pacrBOp MOXHO ONpesesuTb Popmyon 


O(Hy, Hz) = || Pi— Pall. 


Tlycrh A — orpaHMyeHublii CaMOcOnpaxXeHHbIN OMeparop. Uepes H(A) 060- 
3HauHM MHBapHaHTHoOe ToMpocrpancrBo onepaTopa A, cooTBeTcTBylomlee OTPH- 
WaresIbHOH YacTH ero CiekTpa. 

ByeM roBopuTb, UTO OrpaHHYeHHble CAaMOCONPAXKeHHbIe OMepaTOpbl Ax BY 
oOpa3yloT NpaBUJIbHYyIO Mapy, ecu: a) oMepaTopyl A™* wu B* Henpeppla- ¥ 
Hbl; 6) pacrBop moympocrpaucrs H(A) u H (B) Menbuie e{MHHUBI, B) AX Ba 
B CMbICe KBazpaTuuHEIx dopm: ((A — B)x, x) <0 npu x€ A. 

HerpyqHo BuyeTb, 4YTO ycsoBHe 6) BbITeKaeT H3 yCJOBMH a) HB), eCJIH 
nogmpocrpaucrsa H (A) u H (B) KoneyHoMepHbl H HMeloT ONMHAKOByIO pas- 
M€PHOCTD. 

Teopema 2*. ITycmb npouseodHaa [amo T’ (x) onepamopa T (x), Oeticm- 
eynueeo 6 H, aeasemca npu Kaxcdom x H camoconpastenHolm onepamopom. 
Ilycme ama npouseodnHasn yooeaemeopsem nepaéencméam 


AST (Xe De Ca): (4) 


20e CamoconpsKeNHble onepamopu A u B o6pasyiom npaeuAbryio napy. . 
Toeda ypaenenue (3) umeem 6 H eduncmeennoe pewenue npu awbom YH. 
Ecnu onepatop T(x) HerpeppiBHo Auddeperuupyem m0 MDpeule, TO yTBepx- 

jeuue Teopembl 2 Mower ObITb MOJYYeHO KaK CJIe]CTBMe TEOPeMbl 1. B o6nm1emM 

culyyae MPOBOANTCA CHelMabHOe JOKaZaTeJIbCTBO. 

Ecsim B yCJIOBHaAX Teopembl 2 BbIpaxKkeHue T’(x)A HellpepbIBHO TO x, TO 
onepatop 7 (x) aBAaercad rpaqHeHToM HeKoToporo *yHkKWHOHaa (x). [losto- 
My ycJloBHe (4) MOxKHO pacCMaTpHBaTb KaK yCJIOBHe (MOcTaTOUHOe) CYyLeCTBO- 
BaHua y PyHkunonana D(x) eqMHCTBeHHOH KpuTHYecKOH TouKH. [Ipunoxwenua 
TeopeMbl 2 K HCCJI@MOBaHHIO KOHKPeTHbIX (PYHKUWHOHAOB, BOSHHKaIOWMX, Ha- 
IpiMep, B TeEOPpHH HeNMHeHHDIX WHTerpasbHbIX ypaBHeHH (cM. (*)), Mowyua-_ 
1OTCH 110 OOBIUHO MpHMeHHAemMOM cxeme. 

3. B KauecTBeHHO Teopun juddepeHWNaJIbHbIX ypPaBHeHHH XOPOLWO HMSBeCTHA | 
Teopema Kuesepa (('°), cm. tak»xe (11, 1”)) 0 cTpyKType MHTerpaJIbHOM BOpOH- 
KH. Ota TeopeMa (B yCHJeHHOH cbopMe, npedqoxeHHOH Xykyxapa (7°)) raacnr, 
uToO MHO*KeCTBO pelleHHH {y;(t)} (a<t<b) cuctempl 


9 fi (Cie ee) (= Lense, (5). 


YAOBJETBOPAIOMLHX OJHOMY HM TOMY 2Ke HavaJIbHOMy YCJIOBHIO, CBA3aHO B IIpo- 
CTpaHCTBe HeMpepbIBHbIX BeKTOP-C—yHKUNH, ONpemeneHHbIX Ha [a, 6]. [lpu 9rom 
TipewqnodiaraetcA, KOHEYHO, YTO BCe pellieHHs cucTemb! (5), yNOBAeTBOpAIONLve 
3aaHHOMy HavaJIbHOMy YCJIOBMIO, Ollpesesenbl Ha BCeM OTpeske [a, OD]. 

Teopema Kuesepa MoxeT GbiTb NOwyyeHa MpocTSIMH TOMOOrH4YeCKHMH CO- 
o6paxkeHHaMH. 

Jina storo 3amayy o pelenuax cucremp! (5) (OObIyHbIM TepexoJOM K HH- 
TerpaJIbHbIM ypaBHeHHAM) MpeBpalllaeM B 3alauy O pelleHuAX ypaBHenua y=F(y) 
C BMOJHe HeMpepbIBHBIM OnepaTopom F (y), WelcTBy!OulMM B MpocTpaHcTBe He- 
IpepbIBHBIX BeKTOp-PyHKunh. TpaBsie yacrn ypapHennii (5) MoxHO Cc m060K 
TOYHOCTbIO ATIIPOKCHMHPOBaTb (YHKIMAMU, YOBIETBOPAIOMMMK ycoBHto JIlun- 
Mia. Orciowa BbiTeKkaeT, yro omeparop F (y) MoxKHO Ha KaxKOM Wwape Tpo- 
CTpaHCTBa HeMpepbIBHbIX BeKTOP-PyHKMHH C MOGOM TOYHOCTbIO anmpoKCuMUpo- 
BaTb TAKMM BIOJIHE HEIPepbIBHbIM OTlepaTopoM F. (y), uro ypaBHeHue y= F.(y) + 
-- F (Yo) — Fz (Yo) UMeeT eMMHCTBeEHHOe pellienHe Yo TIpH Bcex Yo EW, rye ue- 
pes Wt oOosvayeno MHOxecTBO BCex pewieHuii ypaBneuua y = F (y). 

JlomyctHM, uro MHoxKecrBo Wt HecBasno. Torga M=—NM, + Vb, roe My 


u Wt, — HenycTble 3aMKHYTbIe KOMIaKTHBIe HenepecekarollvecH MHOKECTBA, KO- 
* Ofa TeopeMa IIpH Oodlee 2%KecTKuX MpesnosoxwKeHuax Gpiia yKa3aHa OJ\HHM U3 aBTopon 

B LOKNae Ha OJeCCKOM CoBellaHHH 10 (Py HKIMOHaJIbHOMy aHalusy B oKTHOpe 1958 r., a ana 

cuyuaa, Kora T(x) = x—F(x), re F(x) BnomHe HenpeppiBeH u uMeeT BHOMHE HeIIpepbIBHY10 npo- 

usBpoqHy1o Tato, — B (°). Ormerum, uTo Teopema 2 RonomHsAeT pasJIMUHEIe TeopeMbI cymecTBoBa- 

HHA WW eMHC e i 

. ne CTBEHHOCTH PelleHHit, B KOTOPbIX (UrypUpyloT OAHOCTOPOHHHe OLLeHKH (cM., me 


16 ; 


; 
| 


phe MOMKHO OTMCJMT HeMepeceKalollMMUCH OTKPbITbIMM MHO2KECTBAaMH G, U 
9, TpaHIbl KOTOppIx OOosHayuM yepes TI, u Ts. 
Be ree oriodio bisiirs es eee ee ae 
bl Ha |’; pu mO6OM YoEM. 
Terojla BbITeKaeT, YTO Bpalllenue Y = 1 (Yo) Mona y — F.(y) — F (Yo) + Fe(Yo) 
WHAKOBO TIP BCeX YoEM. yct yoEM,; Torga ua G, paccMaTpuBaemoe 
ole He HMeeT HyJleX; nostomMy y= 0. Ilycth renepp yy E Mt; Torya Bpalle- 
fe NOWA PaBHO HHeKCy HYJIA, KOTOpHI (MHAeKC) B HallleM ciyyae pasen 1, 

e. y= 1. Mbt npn Kx nporuBopeunio. 

OnvcaHHaa CXEMAa, OYEBUHO, He CBASaHa Cc Tem (paKTOM, 4TO onepaTop F(y) 
pork eH sayayelh Kom Jaa cucrembl OObIKHOBeHHBIX udbepeHunabHEIx 
)aBHEHUH. TIpopenzenutie paccyKeHHA sABJIAIOTCA MO CylecTBy LoKasaTeb- 
‘BOM CJleylolWleH TeopeMbl. 

Teopema 3. I/ycmo mxoosxecmeo IN ecex HenodeuscHelX moueK enoane 
npepelenoeo onepamopa F (y), Oelicmeyrtoweeo 6 baxaxoecom npocmpancmee E, 
xeum @ wape TCE. Ilycmbe epawenue enoane HenpepoleHozo 6eKMOPHO2O 
A Y—F (Y) Ha epanuye smoeo wapa omauuno om nya. Ilycme, naKoney, 
wepamop F(y) na T mooitno Cc ato6oti mouxKocmo1o annpoKcuMUposamb maKUuM 
onHe Henpepolentim onepamopom F.(y) (|| F (y)—F-(y)||<e npu y €T), 
no npu 160m YoEWt onepamop F.(y) + F (Yo) —Fz(yo) umeem @ wape T 
UHCMB6EHHYI0 HenodsudcHy1o moUKyY. 

Toeda mHoscecméeo HenodsuocHelx mo4eK Onepamopa F (y) cesa3Ho. 

M3 Teopempl 3 BbITeKaeT, uTO Teopema Kue3epa (B ycuJleHHOL d@opme Xyky- 
pa) ClpaBewvIMBa JIA pa3JIMYHbIX KsaccoB HHTerpo-AuddepeHuMaJIbHbIX 
ABHEHHM MU [JIA pasIMUHbIX OOIKHOBECHHbIX udpcepeHiHaMbHbIX ypaBHeHult 
OaHaXOBbIX IIpOCTpaHcTBax (HallpHMep, IA TeX KJIaCCOB ypaBHeHHH, KOTO- 
ie u3yueHb! B (?)), 

4. YrBepxeHue Teopemp!t | BplrekaeT 43 Cwemyroulero dbakta (cp. (1): 

a TOPO YTOObI HelpepbiBHO Wuddepenwupyembld mo DMpewe omeparop T (x) 
SYILECTBIIA TOMOMOrHyeckoe OTOOpaxKeHue UpocTpanctBa Ey, Ha NpocTpaH- 
rBO Ey, JOCTATOUHO CYIeCTBOBaHHA OG6paTHBIX onepatopop [T7’(x)]+ u 
IMOHeEHHA HepaBeHctBa ||[T’(x)]}*||<L(||x||), Trae HenpeppiBHad movio- 
wTesbHaa cbyHKyua L(u) yRopseTBopseT ycsoBuio (2). PaccMoTpuM Terlepb 
1KMe HellpepblIBHO Auddepenuupyempie 10 Dpewie oToOpaxenua T (x), mpoHs- 
HaA KOTOpEIx T’(x) He Tip BCeX X HMeeT HeLIpepbIBHbIM OOpaTHblit. 
) O6o3HaduM yepes F MHOxKeCTBO Tex xX, pH KOTOpEIX 7’ (x) He MMeeT 06- 
\THoro; oueBNAHO, F g3amKHyTo. ByyemM rogBoputb, To oneparop T {x) 
OlaqaeT CBOHCTBOM («), ecuw TF 3aMKHyTO HM He COBMaqaeT CO BCeM 
pocTpancTBoM E,; ecnu F=- Ey; ecm Kaxkomy ¢ >0 cooTBeTCTByeT Takoe 
— §(e) >0, uro us p(x, F) <6 BprrexaeT HepapenctBo p(T (x), TF)<e, u 
JIM, Hakowell, Kaxomy 56 >O coorsercTByeT Takaa cbyHKuna L (u; 5) ocry- 
DBCKOrO TuIla (yLoBNeTBopmioulad ycoBMio (2)), uTo upu p(x, F)>s 


| 


| IT’ TF WSL (+ [5 9). (6) 


Be F, 6yzem o603HauaTb rowHbi mpoobpas B EL, MHoxectTBa TF. 
-Teopema 4. ITycmb onepamop T(x) o0aadaem ceéoticmeom (x). Toeda 
yueroin mecmo caeOyroujue ymeepoicdenuA. 
1) Ecau E,—TF cea3xKo, mo ypaenenue (3) paspeuumo npu é@cex Yl 
2) Ecau Ey—TF neceasHo u G—Komnonenma CéeAsHocmu 3aMm0eO MHO- 
ecmea, mo ypaenenue (3) Aubo paspellumo Npu Ecex yEG, auoo Hepaspe- 
uMO HU npu oOHOM YEG. 
3) Ecau E,—TF odsoceasno, mo T(x) ocyuecmeanem 63AUMHO-OOHO- 
rauHoe omobpasteHue KaxcOoli ceAsHotl KOMNOHEHMbL MNODCECMEA E,— Fy 
AE TF. 
4) Ecau E,—TF neceasno u G— Kkomnonenma ceAsHocmu 3Mm0cO MHO- 
ecmeéa, npuxadsencauyaa TE, mo Kamcdan cen3sHan KOMNOoHeHma MR MHO- 


JUAH, 7. 126, Ne t uN 


acecmea T1(G) omo6pascaemca na ece G; npoobpa3sbl ecex moueK U3 
eomeomopanel mercy coboti. 
5) Ecau @ ycaoguax nynxxma 4) Kkomnonenma G odHoces3sHa, mo Kaotda 
Komnonenma R mxootecmea T(G) omo6pascaemca Ha G 63auMHO-OOHOSHAYLHO. 
Teopema 4 JoKasblBaeTCA MpH MOMOLIM OObISHDIX paccy2KeHui, MIpuMeHse- 
MBIX B TOMOTONMYeCKOH TeOpuH OTOOpaxkKeHHH, C CYLIeECTBEHHbIM HCHOJIb30Ba 
HMeM ycJIOBusA (6). 


BopoHeKcKHH TocyapcTBeHHbIlt Tloctymus0 
VHUBepcHTer 13 I 1959 
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Aokruaye Akagemun nayr CCCP 
1959, Tom 126, Ne 1 


MATEMATHKA 


A. B. JIOTOWKHA 


BbIPA)KEHHS € (2), ¢ (3), ... PAJAMM 4EPE3 KOI®ONILMEHTbHI 
MHTEPNOJIALL.MOHHbIX NOJIMHOMOB 


(ITpedcmaeaeno akademuxom C. JI. Co6oneevim 22 I 1959) 


B HacTosllei 3aMeTKe paccMaTpHBaeTca mpeocOpasoBanue OAHOTO UB3BeCT- 


Horo ObICTpO pacxoyalleroca psa, ABJIAIOWMLErOCH POPMaJIbHbIM BbIPAxKeHHeM 


Un + 1) (n = 1, 2,...), B cxoqamuiica paq mpH nomommM p-meToya cyMMHpo- 
 BaHusv. OCHOBHbIe CBOHCTBA P-MeTOa H3JIOX%KeHBI B MOeH paOoTe (°), a TaKxKe 


—BcTatbe (1). [lompsytocb clyyaeM 3aMeTHTb, UTO OMpesemeHHe OOOOUIeEHHOH cym- 
MBI pila JaHo B (') B HECKOJbKO HHO cope, 4eM STO CZemaHO B (°). Onpepze- 


JIGHHA OOOOWIEHHOFO Mpefeia NOCeMOBaTeIbHOCTH B OGeUX paboTax coBNaaloT. 
Jia pata x%e wi + ue + ...pasmmuve B ONpemeeHHAX COCTOMT B TOM, 4TO 


~B (*?) O6oOmeHHaA (p)-cyMMa pxjla NOHHMaeTCA Kak OOOOUeHHbIM (p)-npeqen 


MOCJICQOBaTeJIbHOCTH YAaCTHBIX CYMM So = O, Si = wi, S2 = U1 + Ue,..., MEKDY 
TeM Kak B (*) O606UleHHaA CYMMa oOMpefeiseTcH Kak COOOWICHHbIH mpeyes m0- 


~CJI€QOBaTeJIbHOCTH Si = Lis s2) 1 + ue. Bauny He€SKBHBaJICHTHOCTH S3TUX 


onpeleeHHH YCJIOBHMCA MOb30BaTbCA celuac onpedeieHHAMH Hu OOO3Haue- 
HHAMH paOoTnl (°). 
PaccmMoTpuM pax 


St ft B54 Bost) t+ Fs(otl(s+2y+--. (I) 


The Bo, Bs, By,...— 6epHysuuerbi uncia. M3pectHo, utTo /mMomHO ‘MHOrMMy 
criccc6aMH NOsyYHTb STOT pa Kak cpMasbHCe passicxKeHue dyuKunu C(s) 
(cmM., Hanpumep, (7), crp. 549—550). Pay (1) cxogutca tompko mpu s=Q0, 
—1,—2,... Jlna 2Tux 3Havenni s ero cyMMa JelicTBuTebHO paBHa C(s), 


HO BO BC@X CCTAJIbHBIX TOUKAaX s MviccKocTu psy (1) pacxogutcs. B yactuecrn, 
ojarad s=n-+1 (n Hatypasmbuce), OyeM HMeTb pacxofslleeca pasomwKenne 


A 54 (ntl) + lO + O42) +o, (2) 


@opMasbHO BbIpaxkatoulee C(n + 1). B (*), § 11 nNoKa3aHo, TO p-cymma pasa 
—1/,+ B.+B,;-+... umeet 3HaveHne €(2)—2; cieqoBaTebHO, Npu n= 1 
p-cyMMa psa (2) papua €(2). bygem mpeqmonaratb n> 2. Halizem p-mpe- 
cOpas0BaHve He camoro psa (2), a Apyrcro pana, nosyyeHHoro 3 Hero 
Tpucceq@MHeHHeM Biepequ n— 2 HyJeBbIX WICHOB ”. VUrak, paccMoTpuM psd 


SB . 
OL04...+04+ 2454 Dat +2)... 2tk—1. @) 
k=2 


n—2 ueHa 


* Momo 6bIio 6bI He HCKMOUAaT cayyalin=1, Mpa n=1 nepppili unen pafa () 
cnenyeT OCTAaBATh H3OJHPCBAHFEIM CylaraeMbIM, a p-lIpecOpascBanue TIpUMeHHTb K PANY (2), 


HauWHawA CO BTOpPCro WWieHa. 
2* 49 


O6o3HauHM Yepes Ay, Az,... MOCJeMOBATeJIbHbIe ErO UICHBI. O603HauHM 


ala! x) (2 2 x). (nm — 1+ x) = COR CE 


(Mit Zeal) 
Torya p-lpeoOpasopaHvem psa (3), No onpeyeseHuto ((*), § 6), OymeT pad 
(m) (m) (m) 
cy Qiptencs Gye conse On Ga, 
m+ @) 


m=1 


ToxkaKem, UTO WIeHbI MocseqHero pala WOMycKaloT CyleCTBeHHble yipoule- 
nua. JloKaxeM cCHavaJia, 4TO AAA MpOUSBOMbHOM MOCJeOBaTeJIbHOCTU 
by, b;, b2,... ClpaBeIMBO (B CMbICJI€e PaBeHCTBA COOTBETCTBCHHBIX Koadpipu- 
HHeHTOB) TOK eECTBO 


Mb +. op 


m=1 Gy oe 
St TED Aba bs Fem Ong = AO) yg 5 
~ 21 (m+ 1) (m+ 1)! 3 


B caMoM fleusie, eCJIH MOJIOX%KUTb 


Sb 
fi) = dar 
k=0 
to mo (°), § 10 6yzem uMeTb 
— cere: Weep 
nd) (6) 


k=1 


ST UANE 
e~f(x)= Dox, 
k=0 


CJI€NOBaTeJIbHO, Ha TOM *Ke OCHOBAHHH, 


Se (B) (k) AR 
(—sfehd— =). 3) 


k=1 


BuunTad nWocieqHee paBeHcTBo u3 (6) u 3amenaa f(—In(1—?)) B seBoit 
yacTH psjom (6), Haxoqum 


Se bp enc b Cone (Rigg (k) 
i) ee (61 — Abo) +... + cf” (0, — A*bo) 
k=l al — a tk. 


, (GD ie ; i 
Tak Kak ct) = 1, TO weHbI Meppo crenenu mponagawor. Bomonnaa coKpalle- 


Hae ae ¢, MHTerpupys M CHOBa CoKpaulad Ha 7%, MbI Nonyyum cbopmysy (5). 
OSBpaTHMCA Tellepb K MOCJIeMOBATeNbHOCTH a), dy,... BepHyamMespt 
YHCJa OlpesesAOTCA pasloxwKeHueM 


x mA By B 
ay eee iar aa a eee 
Tak kak By = 1, By = —}/,, BZ, = B, =... =0, TO 
B > 
Ana = —, an = — Bi, Ana = —"S* Bs, Ant, = — CBee 
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Orciona 


an— n 
mal tga + at eee tf. 


Ecau AOUOMHUTeIBHO TMOJIOKUTbh Ay = 0, TO IlOCJIe{Hee PaBeCHCTBO. MOXHO 
TlepellucaTb B Bue 


x = ap x ie ap md ap — M® a6 
1s ea aa R ion Mats Xx Bary po eel Rk 
eee n! > me = (l—e ane: = > Al xF. 

k=0 i k=0 k=0 


STO 3HauHT, YTO JIA Hallleli NccnemoBaTeNMbHCCTU Onn Sie Onan eee 


5 It TS Raa. 10s 
Shay peo is At BCex ocTambublx k >0 (7) 
Takum oOpasom, B cHuly (7) u (5), pam (4) npunumaer Buy 
o(”) o(n-+1) o(nt2) 
toa one Tt weno ee 


n—2 usleHa 


STO H eCTb HCKOMCe p-pecOpa30BaHHe psayia (3). 
na m>>n umeem ((1), crp. 106) 


Beer asad 114 1 \r 
wat Sa(lta+at- gs i) y 


CNeOBaTeJbHO, pay (8) cxoguTcs. 
MoxxHO OKa3aTb, YTO cymMMa paya (8) paBHa C(n-+ 1). TIpomje Bcero 
cylesaTb 3TO C MOMoUIbIO cbopmyut (6). Ecau Baatb f(x) = x"/n!, To to (6) 


, a Acree 
ae) inf rag ox 


Jlena ua ¢ mw unterpupys, nomyaum (cm. (4), cTp. 25) 


(n) (n+1) A ic n 
| &p Ch 4 f= ine— ah Op 1\3 v do = ba 
ante CENCE sn states t nl 6? ery (n+) 
Tloctynuno 
22 I 1959 


I[MTHPOBAHHAA JIMTEPATYPA 


1R. P. Agnew, Michigan Math. J., 4, Ne 2, 105 (1957). * K. Knopp, Theorie 
und Anwendung der unendlichen Reihen, 1931. 3A. B. JIotrouKunh, Yu. 3an. VMea- 
HOBCK. roc. Nex. HHcT., 4, 61 (1953). *E. K. Tutrumapw, Teopua Asera-pynkunn Pa- 
mana, M., 1953. 
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Jjoxnagn AKkanelMuu Hayk CCCP 
1959. Tom 126, Ni 4 


MATEMATHKA 


O. B. CAPMAHOB u A.B. BUCTEJIMYC 
O KOPPEJISILMH MEXKAY MPOWEHTHBIMH BEJIM4WAHAMH 


(ITpedcmaeaeno axademuxom C. H. Bepxumetinom 26 XI 1958) 


TACT D. Xy 509, « «+ 9 Mn e1y <25 2 es oe HaOop HeOTPHaTeJIbHBIX CJyYaHHbIx 
BeIMUMH, CyMMa KOTOpbIX mpuHumaetca 3a 100 %. IlycTb HaOmoxeHHaM 
JOCTYNHBI JIMIb MpOWeHTHble COfepKkaHHA STUX BEIMYMH 


ee 
c= Mit xat.. $e, bt eet. ten ere acs po! 8: 
(1) 
1002; : 
= ee 
) tet... +%, +e tet... tty (7 ) 


HOBbIe CJly¥aliHble BesMUMHDI —€; u C; Mpl HM PHaSbIBaeM HPOeHTHbIMM BeJIMUH- 
HaMi. 

B paOotax (1,°) oTMeyasiocb, 4TO H3y4¥eHHe KOppeJIAMMOHHOH 3aBHCHMOCTH 
Me@XKLY IPpOWeHTHbIMH BeJIMYMHaMH JlaeT MCKaxKeHHoe TpeycTaBJIeHve O KOppe- 
JAHN M@Ky HCXOMHbIMM BeJIMUMHaMU (BO3HHKaeT Tak Ha3blBaeMad JIO%KHAA 
Koppesisuna). Yckaxkenwe NoulyyaeTcA OCOOeCHHO CHVJIbHBIM, eCJIHM HMeeTCA BCero 
Wipe BeJIMYMHbI X, U X_; Torda & HW && CBA3aHbI JIMHeEMHOH (yHKIUMOHAaJIbHOH 
3aBMCHMOCTbIO, TaK Kak & + & = 100, a x, M xX, MOryT pH 9TOM ObITb He- 
3aBHCHMBIMH. 

BooOuye SMUMpHuecKHH KosppuuMeHT Koppealuu Memay & u &, He 
ABJIACTCA COCTOATEbHOM OMeHKOM (cM. (°), ctp. 385) KoappuuuenHta Koppe- 
JIAWHH MeKTY X; U Xp. 

B wacToauled paOore yka3aHbl [Ba Cly4ad, B KOTOPbIX, OMepupysA Cc mpo- 
IeCHTHBIMA BeIMYHHAMU, MOMYYCHHbIMH U3 HaOMIOMCHHU, MOMKHO BOCCTAHOBUTb 
MCTHHHBIM KOSPPHUMeHT KOPPCIAWMH M@KAY HCXOMHbIMA BeMYHHAaMH, HeO- 
CTYNHbIMH HENOCpeACTBeHHEIM HaGJIOeCHHAM. 

1, Bpegem culeqyioulyio TepMMHOJOFIO, 3aMMCTBOBAHHY!0 M3 FeovloruH. 

EcaM cpequ cayualHblX BeIMYHH MMeeTCH XOTA Obl OHA HOCTOAHHad Be 
uHHa, TO MbI OyeM TOBOpHTb, 4YTO MMeeTCH JOHKPe@WHOHHAA CXeMa. 

Ecum cpequ ciyuaiuelx BeIMUMH MMeeTCH OfHa WIM Be BeEIMUMHBI, He3a- 
BHCHMBIX Apyr OT Apyra HW OT BCeX ApyruxX C/lyyaHHbIX BEAMYMH, TO MbI Oyem 
TOBOpuTb, YTO HMCeTCH METACOMATHUeCCKAA CXeMa, COOTBETCTBEHHO 
C OHOH WIM C ABYMA He3aBHCHMbIMA KOMMOHeHTaMA. 

Ec Bce CJly¥alidble BeIM4HHbI 3aBMCHMBI, TO COOTBETCTBYIOMLYIO CXeMY 
OyfeM HasbIBaTb K acTHYeCKO i. 

Tlokaxkem, 4TO B KOHKpel\MoHHOH uM MeTacoMaTM4ecKOl cxemax c BYMA 
KOMMOHEHTAMH JIOKHAA KOPPeMANMA BCerya MOXKeT ObITh MOMHOCTbIO ycTpa- 
HeHa. 

2. PaccMorpuM KOHKpelMOHHy10 cxemy. Ilycrb 21 = const, a Bce npoune 
BeMHYMHbI MPOHSBOJIbHO 3aBHMCHMbI MexAy coOoH. Torga mpolweHTHaa BenM4n- 
Ha 1, COOTBETCTBY!Olulad 21 H Ompeqenaemaa cbopmyvioH (1), ecrb nepemeHHaa 
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yuanhast BeIMUNHa, 3aBUCHIlad OT ApyruX MpPOMeHTHEIX BeMUNH. Mb xotum 
HTH KosppUuUMeHT KOPpeNALUN MEY x1 H x2 (0 KOTOpoM KosdiuuueHtT KOp- 
AAU MeKAy 1 H 2 NaeT NOXKHOe MpeycTaBsenue). 

H3 (1) HemMeanenHo BpiteKaeT, uTO 


SOE ahead ss aan 
CT oe He Guay 2. (2) 


STOMY, BoITHCIAA KOSPPUUMEHT KOPPeJIALHH MeEKAY OTHOWeHMAMM MpoLeH- 
B &,/& MW &/%, Mbl Haliqem HevcKaxKeHHbI Koadpbulunent Kopperauun 
KY X, WU X,, TAK KaK 2;=—const. _ 

Mbl WoKkasaM cuelylomee BaxkHOe [JIA NpakTUKH® yTBepxKeHHe. 

Teopema 1. Ecauw’ cpedu npoyenmnoix eeauuun Ona sBasemca npoyuenm- 

1M COOePICAHUEM 3Aa6eE00MO NOCMOAHHOL KOMNOHEHMbI, MO, eol4uUcAAA KOID- 
WYUeHM KOppeAAYUU MeoCOY OMHOWENUAMUL NpoYeHMHOeO codepocaHUA nepe- 
PHHOIX KOMNMOHEHIN K NpOoueHMAomY COOepsCaHUIO nocmoAHNHOt KOMNOHeNMOL, 
1 Hatem UCMUHHOUL KOa@muyueNnm KOppeanyuU meorOY nepemeHHoIMU KOM- 
HEHMAMUL. 
_ 3. PaccMOTpHM MeTacoMaTH¥ecKy!0 CXeMy C JBYMA He3aBHCHMbIMH KOMIO- 
-HTaMM 2, HW 2g, MpWveM Mpesmosaraetcs, TO BCe ZHAYeHUA COOTBETCTBYI- 
MX IpOWeHTHbIX BesMUMH C, u Cy, onpenennempix (1), nonoxuTembHBI. Hac 
)-ipexKHeMy MHTepecyeT BeMuNHAa KOSPpuUMeHTa KOppeIALHH MexKTy AByMA 
BHCMMbIMM KOMIIOHCHTaMH, HallpHMep, Me@xKAy x, U Xo. 

Teopema 2. Koagqbuyuenm xoppeanyuu Ry = R(—,/%3 &/S,) meocdy 
nHowenuamu &,/C, u &/C, meHblwe unu paeeH no abcoatomHot eeauuuHe 
agpq:puyuenmy Koppeasnyuu R= R(x; X_) mexwOy X, UX, uU Umeem C HUM 
JUHAKOBOlUL SHAK, Npurem OOa Koaddduyuenma moeym oOpawamocaA 6 HYAb 
Ub OOHOBPeMECHHO. 

Jloka3aTeJbcTBO. O603HayHM = M.0.%4X%_ = 42} M.0.271 = hy; 


10.277 = hoy M.O.%j = My} M.0.%2 = My, i= 1,2. 
| TlpwHumaad Bo BHHMaHHe He3aBHCHMOCTDb Z, H Z, MexKLy coOoH Mu OT x; ¥ 
ABEHCTBA 


| 
| 
ere eal (3) 


ireKalouve u3 (1), nomyuHM 


M.O. 2 a3 — Agi Meli23 M.0.E 071 — Miyhii RO Ore = Mojhoz3 i == iif: 2. 
1 
Kyla 
pa ArAs2 (12 — My1M12) Pe 
Ca 2 
V Gorm — AG M1) (Azote — AipMMip 
f12 — My, MM12 (4) 
, 
oq A22 
[jam mh | Pc eae 
11 12 
puyem 
R ae fig — M41 M19 (4’) 
= == 
V (mar ae mi) (M122 — M5) 
O 
r Koo 
ae lip gh (5) 
Mi 12 


TO BbIPaKaeT HEOTPHIaTebHOCTh AMCHepCuH, NOsTOMy sHaMeHaTesb (4) Oonee 
JIM paBeH 3Hamenatesio (4’), uucTHTeIM 2%Ke (H, CJleOBaTeNbHO, 3HAKH) Y 
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o6eux WpobeH ouHaKoBnl, T. e. |Ryo|<|R|, mpuyem ecu Ryo=O0, TO ¥ 
R=0, uro u TpeOoBasloch OKa3aTb. 

J\a BoccTaHoBsieHua 3HaueHun R mo HaOJIOJCHHAM Hay MPOWeHTHbIMH 
BeJIMUMHAMV BbIUMCIHM elle 2Ba KOS@PMUMeHTa KOppeJALMU ) 
| 


pee Oy) 

F 22, Mimi 
L : 
en Sa , i= 12 (6) 
i i hoi Moy Aoi Mog | 
rue sant et oy el | 
Ay My Mi Mp | 
SaMeTHB, YTO BeJIMUMHDI 
Aor tttoyy WMD OmGio Te ee : | 
Oe ae =e wo? i= 1,2; . 
nm, (on. 0. BS, , 
| 
Qp—2 
Aegftiol Dew Mae: E1b5 a aN | 
Sa oe a ae 
Mig tite, WM Owe rae) 

c2n—2 
Xevtites Manor £554 aly 
re = ew 29) . 
Mm, (M0. Bly" ; 


Kak HW Ry u R;, HaxXOMATCA U3 HaOMOFeHHH Ha NMpOWeHTHDIMH BeHYMHAMH 
M MOryT CUYHTATbCA HS3BECTHBIMH, Mbl CMO2XKEM HeM3BeCTHbI€ BeJIMYMHbI 


Pe Yy9} eo Bl Yi =u; i=1,2, naiirw us cBagpiBatomux ux ypaB- 
MyM12 -* : ne, : os | 
HeHHU 

al UjYi2 —1 UsYi2 — 1 - 
Ro a Y12 —— ; R == 1 K R ee 
Via— (@— SS AVG) 2 Wb ae) 
UyY1 = Ay; UY = Ag} Uy = Oy; UyYg = Dg. (7) 


M3 cuctempl (7) HeMeqIeHHO HaxojJIuM 


Yio = 1 + RoV (aq — 1) (a, — 1); 


14+ RiViaq@—H)e—f , de = SERV (i —1) (@—1) 
14+ R0Vima—N@—h’ ~*~ 14+RVa@—)@—i)’ 


== 


a Tak KaK Y; = G/U; Y2= Az/ Uz, TO 


=: Yr—l ae 
V (Y1 — 1) (Ye — 1) 


Role Nias ==) 


| eo =) _ 4) (a, 1+ RoViq—1) Crear 7) 
1 RV Gq = Dee 1+ ReV (6, — 1) (@ —1) 


(8) 


Bex lpaBasa uactb dopmybl (8) BbINMCIAeTCH C MOMOMIbIO Habmojenult 
Haj NIpOWeHTHbIMH BeJIMGMHAaMN. 

Sameuanne 1. Ecau z,=const u 2,=const, TO u,=u,=1, Torna 
by = %, b2 = a, Ry = Re= Ry U opmyna (8) noKaspiBaet, uTo R= Ro, 
KaK M JOJQKHO ObITb B KOHKPeWMOHHOM CxeMe, B KOTOpy!O BbIpoxKMaerca 
MeTaCOMaTH¥ecKand CXeMa B STOM Culyyae. 

Sameuanne 2. Tepmunosorua, 3aMMCTBOBaHHad HaMH U3 Yreosorun, 
He CYKHBaeT OOACTH NpHMeCHeEHHA PaCCMOTPeHHbIX CXeM. 
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' ~ Hanwune nocrosHupix WM He3aBHCUMBIX KOMIOHeHT MOxKeT HaOmuo0jarTecg,. 
HampHMep, B NpuKNaHOH XMMUH, rye £; eCTb IpOWeHTHOe cofepKaHHe KONU- 
YeCTBa SJIEMeHTa (HJIM COeMHeHHA) x; B MpoOax, B3ATBIX Ima ananusa. Ana- 
NOPHUHbIe CX€MbI MOryT BCTPeTHTbCA B OMONOrHM UNH MesMMMHe, rye £; ecrTb- 
(MIpoleHTHOe cofepxKanwe unces Oakrepuli x; B Uu3yyaemol coBOKymHocTH 


MHKpoopraHH3Mos, H, BOOOMe, B ApyruxX OONACTAX 3HaHHA, MMeIOWIAX eso» 
C IIPOWeHTHbIMH BesIMUMHAaMH. 


MartemaTuyeckuit uncTutyrum. B. A. Crexnosa Tloctynuso 


| 
: 
) Akajlemuu Hayk CCCP 25 XI 1958 


UWHMTUPOBAHHAA JIMTEPATYPA 


1F. Chayes, Aim. J. Sci., 245, 413 (1948). 2 A. B. Bucteanyc, JAH, 97, 
Ni 3 (1954). * 1. Kpamep, Martemaruueckue metogs cratuctukn, 1948. 
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Jjoxxann AKkagemun nayr CCCP 
1959. Tox 126, Ni 1 


MATEMATHKA 


Usen-Kkoppecnonnent AH CCCP A. H. THXOHOB u A. A. CAMAPCKHM 


ACHMMITOTHYECKOE PA3JIOOQKEHHE MHTEFPAJIOB C MEQJIEHHO 
YBbIBAIOUIMM AYPOM 


1. Hactoamjaa pa6ora mocBalleHa aCHMNTOTHKe HHTerpaJioB Busa 


b 
Ih, xo fl = z\o )io dx, (1) 


rye h—maupli napametp (h > 0), ac xy<0. 
IJpu 9ToM npegnosaraetca, uTO Apo w(E) MeqIeHHO yObIBaeT Ha GOecKO- 
HeEYHOCTH, @ MMCHHO, ONycKaeT TIpH E—>-1+ oo pa3omReHHe 


Rha erie one 1 ; 
o()= 2; = +or(—); of (—) =O EEL TIpH €—> 00; 
r= § 2 
(2) 
4 Tk 


a= >> 


k=1 


4 
pet On &); wo, (&) = 0( sax) mpu ——»— oo, 
re O(«)— BenuynHa nopazka a upH a—->O. IIpezenpi 
i nie co(E), Go = ie gw (6), 
BOOOMLe TOBOPA, pas/IMUHEI, gi =- q>. Mosromy uuterpan \ w (E) dé, Boo6use 
—0o 


TOBOpa, He CyIecTByeT ake B CMbICJIe TIaBHOrTO 3HaueHHaA. 
IIpocteiiiimmM MpuMepoM MOxeT CJIYKUTb WHTerpas 


= f (x) dx 
Weare 
C s{poM 
1 = 
OO pas (q7 =1, g7 =—1). 


B aJIbHEHUIeM MbI NOb3yeMca CulekyiouuMA O6osHayenuamu: f™ (Xo) — 
‘gHaueHHe Rk-1 mpousBoyqnoh dbyHKunH f(x) B TOUKe x = x9; I, (x) =f(x)— 


k 

eo) (i Xo) I (Xp) — ence —- ie (Xo) — ocTaTouHbIt wien B dop- 
Mysle Telinopa; 

Boe (6) mp E> 0; 

ue E*we (6) mpu E<0;. 

Qe (&) = oes (6). 


Qe (E) = EF, (€) = 
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@Mynkuva Qs, (€) mp € + + oo uMeer BTOpOH opsyOK MavocTu 
2.'= 0 (=) M aOcoJIOTHO HHTerpupyeMa mo smo6omy OecKOHeyHOMy po- 
eKyTKy (Cc, co) uM (— oo, —c), rae c>0. 

2. OcHOBHOe cofepxKanue paOorel BbIparKaer culeqyiomjad Teopema. 


Teopema. Jaa unmeepana (1) umeem mecmo acumnmomuueckoe npu 
—>0 pasanooscenue 


I= > (felnh+1,)h*+h"o(h), p(t) 0 npu h-0, (3) 


> 
I 
oO 


in (Rk) 
| tdi — Geoh a, (4) 


b 
«) [no ax 
Pe = [Ca + as mn — x0) — gy, In (vo — a) GP” + a, | A 
Xo 


eit fp ola = FS) (x0) ditt Te+4 ‘ 
Al dei (x— xe a (k—s) | Pah (Gy aieae | (5) 
1 (ee) 
Ce = | Qe @at+ | OF @+ Oe (—Ha, (6) 
—l1 1 


2CAU BbINOAHEHbL YCAOBUA: 

1) @ynxyua f (x) oepanuuena 6 (a,b) (|f(x)|<(M) u umeem 6 mouke 
=X, AX X%) <b, Ougdgepenyuan (n+ 1)-e0 nopadKa; 

2) @ynkyua w(—) abcomomno unmeepupyema Ha AWOOM KOHeL4HOM UHMmep- 
gane U OonycKaem npu ——>- co npedcmaenenua (2). 

SameuauHne. Ecun R=O0, To B chopmyme (5) mocmeqHee csaraemoe, 
OUCBHAHO, OTCYTCTBYeT. 

PaccMOTpHM px “aCTHBIX CJlyyaes. 

3. Unenpl, coflepxane A” inh, B dopmysie (3) MOaBJAIOTCH TObKO B TOM 
enyuae, Koraa qe =A g,,- Ecam xe Bee Gf = Gp = (k= 1, 2; °26)y 7 tees 


sce J, =0, TO pa3moxenuve J ufeT NO WeMbIM cTreNeHAM H KoadpulHeHT 
[, MOXKeT Oblrb 3alvcaH B Bue 


b 
r f(x) fp) 
1, = 0; Al aie ania ja) 
k-i 
f(x) r4 i 4 
tA) ales) | (b= x)") (a — Hy) } Yi 
s=0 
ye 
ar = \ Q()d5 = | Hon () a8. 


Hepra cBepxy O3HayaeT, 4TO MHTerpaJl NOHMMaeTCA B CMBICJI€ TylaBHOPO 3Ha- 
leHua. B uacrHocru, npu k = 0 umeem 


b (ee) 
Ty = asf (0) + qi\ LO, ay = \ oleae. 


Pil 


Ec 2Ke, Kpome Toro, q, = 0 (q¢ = q7 = 9), TO 


Ty = Goh Go) 
HM, CJleOBaTeJIbHO, 
lim I = dof (%), a = \ (dk, (8 
ho iY, 


T. €. B 39TOM CuIyyae Apo = o( S %a\ mph h->0 umeer xapaxtep 6-(byHK- 


IMM, HOPMHpOBaHHOH K dp. 
4. OcraHoBuMca mogpoOHee Ha culyyae gy = 0. 


Ecau a= —oo, b=, TO BbIpaxenve ua Tz ympolaerca: 
(R)(xX9) fp, _4(x)dx 
I= >) [ph + hnp(h), roe p(h)->0 upu h-0. (10) 
k=0 | 


Ec, KpoMe Toro, Bce gz = 0, To 


co 


— 4k) a . 
Ip =O A, ay = \ eho) d= ae (oe) = © &)). (11) 

<= ‘ ; 

Sro cooTBercTByeT TOMY cJlyyalo, Kora pw § = -+oce Tata =) ie 


ED ea UA Dae 
TakuM cBOlcTBOM oOOslaqaeT, HalipumMep, apo uHTerpana Ilyaccona Jaw 
ypaBHeHHA TeMlJIONpOBOAHOCTH, paBHoe 
4 2 
10) SSS = e—§ . 
(@) == 
B sTom cuyuae (ecuH BCe gp = 0) pasnoxwenue J B pag mo cTeneHam 
MOxeT ObITb MOJyYeHO SJIeMeHTapHO, Tak KaK BCe€ MOMECHTHI Ag (PyYHKUHM w(E} 
CyIeCcTBYIOT. 
ih 
IIpousBoyqa 3aMeHy TepeMeHHbIX & = i * mw pasnarasd f (%) + &h) B pan. 


Telslopa, cpasy nowyuHM 


Ih, xo fl= | o@)F (eo + th)de = 


= OY, ae, f(x9) k 
= Af (X9) + af (X) A+... + ap ae ey (12), 
THE 
a= \ Ew (£) dé. 


Ecau dyHkuua (£) yeTHad, TO BCe MOMeCHTHI HeyeTHOrO nopsnKa Gani = 
PaBHbl HYJNO HM pa3sJIOKeHHe HUAeT TOMbKO MO YeTHBIM cTemeHAM fA, 

OfHako STOT NIpveM MOuTyyeHNA passO2%KeHUA HEBOSMOXKeH, HallpMmep, JuA 
(pyHKWHH 


o (§) = iE (13) 


KOTOPaH ABJIACTCH ATPOM MHTer pada Ilyaccona, Aatoulero pellleHve 3ayaun 
28 


HpuxJe WIA Noynmockoctu y=h>0: 


Uf (x") dx’ 


{ co 
ASN re ser ear 


—oo 


Herpyquo 3amerntb, uTo quia cbyHkuun (13) MomeHTHI a, He CyLecTByIoT 
ee qua k > 2, u MosTomMy paswormenve Bua (12) HeBosMoxHoO. Mexypy Tem, 


CHJly Hale OCHOBHOH TeopembI u3 mn. 2, dyHKuuA u(x, y) uMeeT culesyI- 
ee ACHMITOTHYeCKOe pescTaByleHue 


Wie X= f(s) lao) y8le (2) ons, 
ae 


ahr en CS a pa ae ACS. 
h= = \ gee, Pier as 


IpH 9TOM MBI MCNOMb3yeM pa3zsowKeHHe 
Va 4) 
1 (— 
@ (€) Ss a 2 e2(n-+1) ’ ont = 0, qont2 = 


ii 


B 3aKkmrouenne OTMC€THM, UTO TIpHMeHaAeMbIi HaMH MeTOX aCHMIITOTHYUeCKO- 


O pasjioxKeHHa mpH A->0 onmycKaer ecTecTBeHHOe OOOGMeHHE KaK Ha CuJly- 
2 x—X, 
ja sep o = o( Gee x), HeNOCpeACTBeHHO 3aBHCAIIHX OT xX, Tak HM Ha 


yah MHOTHX MepeMeHHIX. 


-MockoBcKHli TocyapcTBeHHbIM yHHBeEpCHTeT Tloctyn uo 
um. M. B. JlomoHocopa 28 II 1959 
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Jlornagnt Akanemun nayx CCCP. 
1959. Tow 126, Ni 1, 


MATEMATHKA 


A. X. TYPELLKMM 


O KJIACCAX HACbILIEHHA B MPOCTPAHCTBE C 


(IIpedcmaeaeno axademuxom A. H. Koamoeopoeeim 17 I 1959) 


Onpefesenve HacbIllleHHoro MeTOa MH KslaccCa HACbIIeHHA MOXKHO HavTH 
B pa6orax (#7), Mbt 3fecb OyeM MOMb30BaTbCA OlpeeseHHeM STHX NOHATHEE 
JIA MeTpHKH MpocTpauctBa C B culeqyiouleH dopme. 
Ilycrb 3aqaH MeTO, CYMMHpOBaHHA Y, ONpeeJeHHbIM NoceqOBaTebHO~ 
cTbio (pyHKunit y,(é) (k= 1, 2,...), 3aaHHbIX B OOaCTH W3MeHeHUA Tapa~ 
MeTpa € C TOUKOM cCrylleHHA ©, KOTOpad MOXeT ObITb U eo. 


—— 


T. @. KaxkJOli HenpepbiBHol 2n-nepvoguyecKkon cbyHKuMU f(x) c paqom Pypb 


f(x)~ oO + st (a, cos kx + b, sin kx) 
k=1 


IIPpHBOAJUTCH B COOTBETCTBHE pA 


(oe) 


“. + >) te (E) (az cos kx + bg sin kx), 


Rw 


10 KpaliveH Mepe JlJId 3HaueHHH &, OH3KMX K ®, HM CyMMYy KOTOpOrO O60- 
3HauuM yepes F(x, €) = F(x, € f). Ecam cymlecrByer nowloxutenbHaa (tbyHK- 
IMA ,(€), MOHOTOHHO CXOJAlllaicd K HYJIO IpH E>, Takas, 4TO AA sO- 
oon (byHKunu f(x), HenpepbiBHol, 2n-nepwomMuecKkO, OTMMUHOM OT ee 


KOTOpbI OyeM lipe{MosaraTb paBHOMepHO CXOJAUIMMCA OTHOCHTebHO <a 
' 
HOW 


max |f (x) —F (x, §)| > ap, (6) | 

rye a > 0— koncranta, 3aBucamaa oT f, H, Kpome Toro, cyulecTBy!oT (byHKe | 
uuu f(x), OTMMUHbIC OT MOCTOAHHBIX, JIA KOTOPBIX : ; 
max | f (x) — F (x, 8)| < be, (8), (I). 


re 6 > 0—Apyrans Koncranta, Tak»Ke 3aBucaulad oT f, TO OyemM roBopuTs, - 
4yTO M€TOR CYMMHPOBaAHHA Y ABAAHECTCA HACHIULCHHHIM c Oo Du 
OM KeHHEM HaACHIMeCHHA NopagAKa O[g,(E)]. Kaaccom nacpimenua, 
OTHOCAIMMMCA K METOAY Y, Ha3OBEM MHOXKeCTBO HEIIpepbIBHbIX 2x-nepuHomH- 
yeCKHX (yHKuUMi [ (x), OTMM4HEIX OT NOCTOAHHBIX, JJId KOTOPBIX BbINOWHAeT-_ 
Cad HepaBeHcrso (1). : 
Caeqyioulad TeopeMa MO3BOJIseT ONPeeMHTH KMaCcC HaCBILeHHA BO MHOrHux — 
culyyaix; M3 Hee, B YaCTHOCTH, CJleAyioT NOYTH BCe M3BeCTHBIe JO CHxX Nop 
pe3yJIbTaTbl O KJlaccaxX HaCbIIIeHuA B MeTpuKe C. 
Teopema. [Tycmb 3adan memod cymmuposanusn %, OnpeOencHHelti nocae-— 
ogame toHocmot0 Pynkyut Ye(&) (k= 1, 2,...), 3adaHHolx @ o62acmu Cc mou- 
Kou ceyuenua o. ITycmb cywecmeytom noanoscumenoHan dbyHKyuA o,(E), mo- . 
HOMOHHO CMpemsauyanca K HYyAIO Npu E>, NAMYpaAbHOe 4UcCAO P U KOH- 
| 
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CMAHMbL Ay == Ay, ...,Ap MaKUe, umO OANA BCAKOCO (bukcupoeannoeo Hamyparo- 
Hoeo k u E—->w cnpaeedaueo coomnowenue 


es Yk (€) sa (Ak? st GyRPa* et oy + Apak + Qp) Py () (2) 


(m. e. npedea omHowenuaA neeoti uvacmu K npasou npu §—>w pase eOunuye). 
Toeda us Hepaeercmea 


lf (4) —F (x, & f)|= Ole, ()) (3) 
caedyem npu uemHom p Hepaeencmeo i 
; [Aff (*)| = 0 (AP), | (4) 


a npu HedemHomM p Hepaeercméo 
[ARF (x) | = O (he) (5) 


OAA BCeX eeUECMeeHHbIX xX U OOCMAMOUHO maAbIX HeompuyamenbHolx h. 30eco. 


™~ 


(x) o603Hauaem Qynkyuro, conpsocennyt c f(x), m. e. 


co 
i (x) = >) (Ogcos x — a, sin kx), 

k=1 
a Aff (x) — Konewxan pasnocme dynKkyuu [(x) nopadKa p, onpedenenuas pa-. 
BeHCM6OM 


Agi (6) = 2 (— IPC Lx + (9 — 2) A, 


Ecau dannii memod cymmuposanun y, Kpome ycaoeua (2), yOoeremeopa- 
em ewe U caredyuemy YCAocEUIo: cyLYuecmeyem mMaKaA NoAOSKUMeAeHAA KOH- 
cmanma K, 4mo u3 nepasercmea |f(x)|< M, umewwezo mecmo Oana ecex- 
BHQUeHULL X, CaeOyem OnA ecex x U &, OnusKUX K Ww, Nepaeerncmeéo 


IF (x, & IIS MK, (6), 


mo cnpaeedAuso a oedelbiees Sn cbeHet ITpu wemuom p us (4), a npu 
HeuemHom Pp U3 caedyem (3). p 

Takum aed Up BbIMoswHeHHK ycnoBu (2) u (6) WaHHbIi mMeToy cym- 
MUPOBaHUA YY ABJIACTCA HACbIICHHBIM C NpHOsH2KeHHeM HacbiMeHusA NopayKa 
O[¢, (&)]. Kaaccom nacpllleHua sBaneTcA MHoxKecTBO dbyHKuni f(x), ee 
JICTBOPAIOULMX pH yerHoM p yculoBuio (4), a pH HeyeTHOM Pp yCuOBUIO (5). 

3ameuannue 1. 3amanckuit (°) RoKa3an, uTo ycmoBue (4) paBHOCHJIbHO, 
ycnlopuio, uTo f(x) uMeer npousBosHy!o nopadka p—1, yAoBserBopsioutyio. 
ycnosmio Jiunumma nopsaka egunuup: fl) (x)€Lip 1. Tlostomy MOXKHO, 
CKa3aTb M TaK: KJIaCCOM HaCbIeHHA SABJIAeTCA MHOKECTBO *PyHKIMH ea 
YNOBNETBOPAIONIUX pH ueTHom p yculoBMio f'?—) (x) € Lip 1, a mp HeveTHOM, 


FP) (x) ELip 1. 
p ycnosuio f ( p Mee 
- Bameuannue 2. Ycnosue (6) BHIMOJHAeTCH, CCJIM BbITOJIHACTC my 


(oe) 
mee ycsioBve. Pay = => ve (E) coskf cxOQUTCA paBHOMepHO OTHOCHTEJIbHO ft, 


k=1 ; 
Mo Kpalineli Mepe ua 3HaveHHi €, OmM3KuxX K ©. HM CyllecTByeT M010 


%KUTebHad KoHcTaHta L Takas, TO WIA BCeX TAaKMX & BbINOJHAeCTCA Hepa-. 
BeHCTBO 


Xz (E) cos kt \dt < L. (7); 
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Ycnopue (7) B CBOIO OVepeAb BHINOHACTCA, CCIM MMeeT MeCTO "HepaBeHCTBO 


= ae 2 re (€) cos kt > 0. 
=1 


YcuOBUAM Hallei TeOpeMbl YOBJIETBOPAIOT, B YACTHOCTH, CueAyIoulve Me- 
TOMbI CYMMUpOBaHHA. 

1. Meron A6ena —Ilyaccona, Kslacc HacplieHHa KOTOporo Opi ompeye- 
jleH Hamu (*) (cM. Takoxe (4)). 

2. Merox Mefiepa, Kuacc HacbieHua KoTOporo Haligen Avekcuyem (*) 4 
Samauckum (°) (cm. Takxe (*4)). 

3. Merog Uesapo (C, r) upu mo60om r>0. B uacTHoM cilyuae HaTypaJb- 
HBIX f KJlaCC HacCbIeHHA 9TOrO MeToya HaliqeH Samanckum (*) (cM. 
TakxKe (*)). 

4. Meroy Tenpyepa H’ npu mo6om semecrsenHom r>1. B uacrHom 
cilyyae HaTypasIbHbIX f Ksacc HacbileHHaA sTOrO MeTofa HalizeH AsbaHunYeM 
{#) (cm. Takxe (®,”)). 

5. Meron (BP, v) Bepuuiretha—Porosunckoro, KJacc HacbIlleHHa KOTO- 
poro HaligeH Xapwinmayse (°). 

6. Mero Tunuyeckux CpeqHHX, KwaCcC HacbIeHHA KOTOpOrO HalifeH 3a- 
MaHCKHM (3) (cM. TaKxe (°)). 

7. Uacrupiit cayyali Merona Pucca RR’) mp \»=n?, usyseHHE Avb- 
anunuem (*). 

8. Uacrupiii caysaii metoga Bapouoro (§) (W, Px) UpH pe=n—k-+1l. 

UacTHbIMM cuIyuaiMu Halle TeopeMbl NpH p=—2 sABJAIOTCA NOJyYeHHbIe 
HaMH paHbiue (”) pe3ysIbTaTbl, OTHOCAMIHeCA K CJIeAyIOWIMM MeTOJaM CYMMKH- 
poBaHua: 

9. Meroy AGeasa (A, 2). 

10. Meroq Pumana (R, r) ipa mo6om HaTypaJibHoM Tf. 

11. Merogx Basnmne-Iyccena. 

12. Meroy JiKexconua. 

13. Merog J>Kexcona — Basme-Ilyccena. 


BeslopyccKkui YrocylapcTBeHHbIi yHMBepcHuTeT Tlocrynuso 
um. B. VM. Jlesnua 5 I 1959 
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Jloxnxayn AKkanemun Hayk CCCP 
1959. Tom 126, Ni 1 


MATEMATHKA 


B. Bb. YBAPOB 


- 


O CBASH MOJIMHOMOB, OPTOFOHAJIBHbIX C PA3JIMUHbIMH BECAMU 


| 
| 


(ITpedemaeaeno akademuxom M. B. Keadouuem 19 I 1959) 


Ilyctb {P,(x)}—cucrema NoMMHOMOB, OpTOroHaJIbHBIX Ha MHTepBasie 


(a, 6), KOTOpbIii Mower ObITb H OeCKOHeUHBIM, OTHOCHTebHO O6/0xKeHHA 
fx), Ts 2. 


b 
\ Pa (x) Pm (x) do (x) =0 npn mn, 


B § | ycranaBauBaetca CBa3b MomMHOMOB S,(x), OPpTOrOHasbHbIX Ha HH- 
Teppasie (a, b) OTHOCUTeENbHO OON0%KeHUA 


twee a.) 
ds,(x) = ae ds (Xx), 
th (x—B ;) 


¢ nomuHOMamu P,, (x). ’ 


Ilpeqnonaraetca, uTo \ "doy (x) HMeeT CMBICJI TipH JNOOOM 3HaueHHN 7. 


| a 

Ormerum, YTO CBA3b MOmMHOMOB S,(x) H P,(x) Ana uacTHoro caryyan k = 0 
Oplula ycranopena Kpucropiesem (ent oi(2)): 

— B § 2 ucnompsyetca cBOHCTBO CHMMeTpHM TOJMHOMOB B CJlyyae, eCJIH 
do (x) = ds(—x) uv a=—b, nA Nocrpoenua AByX HOBbIX CHCTeM MNOJMHO- 


MOB, OPTOrOHabHBIX Ha uHTepBase (0, a”) oTHOCHTeMbHO O6NOxKeHUI do(V x) 
u xdo (Vx). 

§ 1. CBa3b MOAMHOMOB Sy(x) HU Py(x). Ilycrb Bce a; u B; B BbIpa- 
MKeHHU JIA do, (xX) pasJIMUHbI. 

Ecnu n>k, To ana S, (x) cupaBeniuBa cileqyiomjaa popmya: 


sg p01) : Prt (a1) 
Z Py ARCHe Pr Pr (01) 
Sp (a) = AB — | Saad «> + Org (Bd | (1) 
ye (4—4)) | Q,-p(Bx) + + » QnirlBe)s 
i“ Pie) cake ey 


3yecb Cy, — HOPMUPOBOUHAa TocTosHHa”, 


b 
> P,(G)do(S) 
Qn (x) = \ ee 


a 


2) 
3 JAH, rt. 126, Ne 1 33 


@ynkuua Qn(x) yacTO BCTpeyaeTcA B TeOPpHH OPTOPOHAJIbHbIX TNOJIMHOMOB H 
HaspipaeTca (byHKuHel 2-ro poga. Ira PyHKIMA yAOBMETBOpACT TOMY 2%Ke Pe- 
KYPpeHTHOMy COOTHOWeHMIO, YTO M Pp (xX). 

[pu n<k nosmnomet S,(x) Modyyaiorca lo topmyule: 


ts Fee 0 I2Chi)). - » Pay yl) 
OR Smegs ie 0 PUGiic Senne 
S503) — Pa os Pee 
TL (ea | Po(Bk) - - -Pe_mn—a(Be)QolBe) - » - Qn rl(Pe) 
7 6. ee 0 Pi). a Pea 


Tlokaxem Telepb, KaK CTPOWTb NOJMHOMBI Sn (x), Kora HEKOTOPble H3 3Ha- 
yeHuli a; uM 8; coBnagaror. Ilycrs, HampuMep, a =% un>k. [locrpoum 
cHayaa monuHOME! S,(x) mpH a,+- a, a 3aTeM Tepeligem K Tipepesy Npu 


Oy —> Oy ( xopmuposounyo KOHCTaHTy BO3bMem B BUZe Cy = pee) TakuM 
o6pa30M, TIpH a, = % Nosyaun: re 
Papen ee Peay: 
P,,-4(@a)—P,,__p(1) Py p(42)—P ps p( a) 
Ag — Ay dea Aoi— 1.01 : 
ee ge ase 
Sn (x) = lim ; ne D ose: te cet lee ee ier Vo NOM oa) nl ae tet) Bat es ome eee 
ar | n—1(%7) ay: Prtie) 
c=? J Q,—p(P1) oes Ais Qn+1(B1) 
wee a 
P,—g(*) Pra g() 
Pylinsfax) el PAN AteR) 
Paoli), a2 Pe raen) 
P,_ plas) aM ce P+ (as) 
sl cpu emer aah reap 
Qn—p(81) Geta Qn47(B1) 


aie (Sy KO 5) 
bead Ac) | a » Par y(%) 


TIpoBoyd avawOrHyHble BbIKJaKH, MOXKHO TOMyYMTS cemylouMh pesysb- 
TaT: CCIM Kakne-JIMOO 3HayeHUA a, uM a, (MM 8; HM B;) CoBNazatoT, TO * e-5 
TEPMHHAHTE, OMPeAeAIOMLEM TNOHHOM Sn(x), Ha mecte j-i cTpoKu eons 
(PyHKIMH Hy2HO MOCTaBHTb MX MpousBogHbie. Ecau copnalaloT HeCKOJbKO 
SHaveHHH a; (MIM B;), TO B JeTepMUHAaHTe, KpoMe CTPOKH c NepBEIMH mpon 
BOJHBIMM, JOJDKHbI ObITb CTPOKH CO BTOPbIMM, TpeThuMH UT. JT. 1 nie d 
HBIMM (BIIJIOTh AO MpOWSBOAHbIX, Y KOTOpbIX MOpAyoK paBeH ane sty coset 


OMX SHAYeHHH a; (HIM B,)). 
Ce 
~ Tomouybio Popmy (1) u (2) merko BplBecTH BbIPaxeHue 1A (PYHKIni 


BTOpOoroO pola 


b 
rata 4 Gen 


a 


OkOH¥aTeJIbHO TosyyNM, uTO Ip n>k 


Peer <P ean 
Tee ee ee 
El oa) ae: dove 
Qpnele) temo ghy 
Tpun<k 
| 0 0 P,(a1) ; P+ p(y) 
ieeieibte ied. 
RS ee aaa ace eres a ami (yay ep (cee a) 
FERED) aha). Memks, hepudyeain eee 


yea coke 6 0 FNC al ld gtr) 


§ 2. Ucnoab3s0BaHve CHMMETDPHH NOJMHOMOB Qua nocTpo- 
€HHA HOBBIX CHCTEM OPTOrOHAAbHBX TOMMHOMOB.  [lyctp 
{P,,{x)} — NOJIMHOMBI, OPTOrOHaJIbHble Ha MHTepBasle (—a, a) OTHOCHTeMbHO 
o6soxKeHHa do(x), mpuyem do(x) = do(—x). 

Jlerko MoKa3aTb, YTO B 9TOM CJlyyae 


Pat) = (= 1)* 2, (SX) 


fom (1))2 Orciona cneayer, uTO Pon (x) = pn (%*), Ponta (4) =o, Ge) ee 
Pn(X) M Qn(X)— HEKOTOPbIe MOJIMHOMbI cTeleHH n. Salluilem ycmOBHe opTo- 
TOHAJIBHOCTH MOJIMHOMOB Pop: 


\ Pan (x) Pom(x)do(x)=0 npa m-En. 
Tak Kak do(—x)=ds(x), To oTciofla culeqyeT, 4TO 


a 


{| Pan (#) Pam (x) do (x) = 2 | Pan (x) Pam (x) ds (x) = 


ee 0 
= 2 pn (22) pm (22) do (x) = 2 \ Pn (2) Pm (2) do (V2). 
0 0 
Cue qoBaTeJibHO, 


\ Pa) Pm(x)da(Vx)= 0 npn mba, 
0 


7. €. MONWHOMBI ppa(X) ABJAIOTCA OPTOFOHAJIbHBIMH Ha UHTepBase (0, a’) OTs 


HOCHTeIbHO O6soxKeHUA do (Vx). AHaJIOrH4HO MOX%KHO Tl0Ka3aTb, YTO MOJIMHO- 
MBI gn(Xx) OPTOrOHAaJbHbI Ha TOM Xe WHTepBasle OTHOCHTCJIbHO oO02%KeHuA 


xdo(V x). 
B KayecTBe NpHMepa yKaKeM CBA3b TOJIMHOMOB Conuna P,p(x, c), OpTo- 


TOHAJIbHBIX Ha WHTepBasie (— oo, co) C BecoM p(x) = e~* |x)" (C> —*/s), 
3* 35 


c nomuHomamu Jlareppa L*(x), oproroHambubiMu Ha uuTepBaie (0, 0) Cc Be- 
com e—*x*, Jlerko NOosyuuTb, 4TO 
c—/; 
Pon (%; c) = Only a Bap 


Pong (ee) bale es 


Te a, u b, —HOPpMMpOBOUHbIe MOCTOAHHBIE. 


B sakmioyenne Bbiparkaio OularogqapHoctrb A. H. Tuxonosy uv A. A. Co 
MapCKOMYy 3a TIOMOMIb MH MHTepec K paoore. 


Tocrynuso 
13 I 1959 


UWHMTHMPOBAHHAA JIMTEPATYPA 
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Woknagn Akanemun wayk cCcCcP 
1959. Tom 126, Ni 1 


MATEMATHKA 
XOAHI TYH (HOANG TUY) 


K CTPYKTYPE H3MEPHMbIX ®YHKIUMK 


(ITpeOcmaeaneno axademukom II. C. Anexcandpocom 24 I 1959) 


§ 1. Ilopeyenue usmepumot cbynKuun f(x) (O<x<1) B oxpectnocTax 
ToueK, Tre OHA He MMeeT ACHMNTOTHYeCKOM TIpOu3BOAHOM, Oblui0 usy4eHO 
B. Apauxom (*), ®. HW. UWmuyospm (?) nw HW. A. Tnamennospm (8). To cy- 
UlecTBY, MeO 3eCb CBORMTCA K U3YYeHHIO BepXHelt MIOTHOCTH MHOKeCTBA 
E(k, 9), ompeyeseHHoro u3 paBeHcTBa 
z 


E (a, 0) = {x 0<x' <I; ITO) | <o}, (1) 


| x 


AJ BCEBOSMOXKHbIX 3HayeHHH A, 9 (06> 0) u ANA TOUeK x, OOpasytOlMx MHO- 
2KECTBO MOJIOXKUTELHOH Mepbl. 

Cnenya B. SApHuxy, Ha30Bem } mpasbim (JleBbIM) Cy ULeCTBEHHHIM po- 
H3BORHBIM YHCMOM OT f(x) B TOUKe xX, eCIM HalifeTCH U3MepHMoe MHO- 
KecTBo E c mpapol (seBoH) BepXHeH MJIOTHOCTbIO B TOUKe x, paBHo 1, u 
TaKoe, 4TO 
| , 
| fi eee OE (2) 
x > Xx 
| L\. 
| B. ApHuk oka3am cwielyroue mpelowenns (+): 
| 1) CymectByer dbynxuna f(x), HempeppiBHan Ha [0, 1], Taka, 4¥TO nouTH 
'B kaxkjow Touke x€[0, 1] 


limas = + oo. 


x!> xX 


| f(x’) — F(x) 
x’ —x 


2) Cymecrpyer dbyuKuua f(x), HenpeppisHaa Ha [0,1], Takas, uTo mouTH B 
| Kajol Touxe x €[0,1] mo6ce KoHeuHOe YMCJIO ABJIAeTCH ee TipaBbIM M Jie- 
BbIM CYUJ€CTBCHHbIM IPOH3BOJHBIM YMCJIOM. COBOKYMHOCTb BCeX TaKUX (pyHK- 
uni f(x) o6pasyer B mpocrpancTBe C MHOKeCTBO BCIOAy BTOPOH kaTeropHn. 

OueBu HO, QA (byHKUMN, YOBJeTBOpAIOUeH COBHAM TlepBOH TeOPeMbl 
B. ApHuka, nouTH B KaxKOH TOUKe X BepXHAA IJIOTHOCTb MHOKCCTBAa ? (rd, 6) 


| paBHa HYyJO ya Bcex \ u Bcex 89> 0. Jlerko TakxKe BHJeTb, UTO NA PyHK- 

IMM, YAOBseTBOpsIoUlel ycIOBHAM BToOpoH Teopembi B. sipHuka, nOYTH B kaxk- 

flo TouKe x BepXHaAA MIOTHOCTh MHOx«ecTBa E(j, 8) paBHa 1 Ana Bcex h 
x 


Bcex 09> 0. , 
VW. A. Tinamesuos nocrapu rorya Bonpoc (*): MovkeT JIM BepXHAaA IJIOT- 
HOCTb MHOxecTBa E(h, 6) tua Kakux-HHOyAb A, 8 ObITh NpoMexkyTOUHOM MexK- 


x o 
nay Ou 1 B TOUKaX MHOMKECTBA MOJORKUTCIbHOK Mepbl? OrTBeT, aHHbIli 
VW. A. Tinamennoppim, nmosomutTeseH. Oka3ayiocb, TO CyllecTByeT (pyHKUMA, 
HenpeptiBuaa ua (0, 1], Takaz, uTo mouTH B Kamo TouKe xE[0, 1] Bepx- 
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HAA TvIOTHOCTh MHOxKecTBa E(A, 8) papHa 1 gaa X} =O, 8 nponsBombHOrO 
x 


MW T1OMOXKUTebHa, HO CKOJIb YFONHO Masa JIA OCTAJIbHbIX SHAaYeCHHM A, eCJIM 
TOMbKO § RocTaTOUHO MaJio. 

BosuukaeT Oovlee COMM BOrpoc: KakKMe BO3MOXKHbI CJIyyaH, KPOMe CJIy- 
yaes, u3yueHHpix B. ApHuxom u V1. A. IIinamenHoppim, Qia cTpyKTypbl MHO- 
*KeCTBA IPOW3BOJHbIX UMCe H3MepHMOH CPyHKWMM B TOUKaX, Te aCHMINTOTH- 
yecKad TpousBogqHad He cyulecTByeT? Jina cHCTeMaTH4ecKoro M3y4eHHA STOTO 
BONpoca BBeJeM CJIeLYIOWLy!lO KaCCM*pUKaMiIO NPOH3SBORHbIX UHCedI. 

Onpexeneuue 1. Iycts f(x) — usmepumaa dyuxuusa Ha [0, 1]. Uucao 
X Ha30BeM TIpaBbIM (JIeCBbIM) @-CYULECTBEHHHIM NPOH3SBORAHEM YUC- 
OM oT f(x) B ToUKe x, eCIM BepXHAA rpaHb MpaBbiX (JeBbIX) BePXHMX IVIOT- 
HocTeli B TOUKe x BCex MHoxkecTB E, yOBeTBOPAIOWMX yCNOBMIO (2), paB- 
Ha &; & Ha30BeM Tora KoappullMeHTOM CyILeCTBeHHOCTH (HJM MpocTo Koatp- 
(PHIMeHTOM) pousBO_HOrO unca A. OueBugHo, OKa<l. 

o-CymlecTBeHHOe MpoHsBoyHoe uNcO Mp «% = 1 Ha3zbIBaeTcH, Mo B. Apuu- 
Ky, CYMCCTBCHHHIM MpOUSBOAHHIM YHCJOM, a Uph a=O0 Has0BeM 
ero HECYILECTBECHHHIM NMPpOM3BORHHIM YHCAOM. B MpoMexKyTOUHbIX 
cydasx, KOrjla Hac MHTepecyeT He CaMO TOUHOe 3HaYeHHe &, a TOJIbKO TOT 
cbaxt, To 0O<a<1, 6yyem roBopuTb, YTO A ABUIAeTCA NOMYCcyMLecTBeH- 
HbIM IIPOH3BOAHBIM UHCJIOM. 

Ilo stomy ompeyeseHuio, Avia Janno dbyHKuuu f(x) B WaHHOH ToUKe x 
mu060e 4MCJIO A ABJIAeCTCA MpaBbIM (JIeBbIM) %-CYULECTBCHHBIM IMIPOM3BORHbIM UMC- 
JIOM IIpH HeKOTOPoM 3HayeHHH a, O<a<1. CoBokymHocTb Bcex A, KOTOpbIe 
ABJIAIOTCH TIpaBbIMH (JIeBbIMM) %&-CYU[CCTBEHHBIMHM IIpOW3BOAHbIMH 4McCsaMu OT f (x) 
B TOUKe X, IpH (HKCHpOBaHHOM 3HaveHHH & OyJeM Ha3bIBaTb MpaBbIM (JIeBbIM) 
a-cCYULeCTBCHHHIM MHOXKECTBOM Qua f(x) B TOUKe x; TpMuem, Korga 
a=1numa=0O0, OyyemM roBOpHTh Tak?Ke O CYIeCTBEHHOM HJM HeCyLecT- 
BCHHOM MHO2K€CTBE. 


OxasbipaeTca, onpeseseHve 1 BMomHe SKBUBAaJIeHTHO CJIeLyIouleMy, 4aCcTO 
Ooee yOOHOMy. 

Onpeyeneune 2. Ilycts f(x) —u3mepumaa dyHKuua ua [0, 1]. Unc- 
JO } Ha30BeM IpaBbIM (JIeBbIM) a-c YULECTBEHHHIM MPpOHSBOAHEIM 4HC- 
JOM OT f/f (x) B TOUKe xX, ec paBad (MeBad BepXHAA MJIOTHOCTh B TOUKe 
x mHoxecTBa E (i, 9), onpeyemeHHoro u3 paBeHcTBa (1), cTpeMuTcaA K Ipese- 

x 


Jy, paBHoMy «, Korya 0 crpemuTca K Hyvio. 
STO HOBOe ONpeyedeHHe NO3BOJAeT pa3zIMUaTb [JIA HeCyIeCTBeEHHBIX IpoH3- 
BOMHBIX 4MCe Ba cuyuasn: 


1) IIpapasx (eBaa) BepxXHad TMOTHOCTh MHOxecTBa E(d, 8) B TOUKe x paB- 
z& 


Ha HYJIO, HauHHad C HeKOTOPOrO ocTaTOUHO Masoro 3Ha¥eHua 9; B TaKOM 
cjly¥ae Ha30BeM } T1paBbIM (JIeEBbIM) HeCYULECTBEHHbIM MPOH3BOAHbIM UHCJIOM 
B CHJIbHOM CMBICWJe. 


2) Ilpapaa (mepaa) BepxHasd TOTHOCTh MHOxKecTBa E (i, 0) B TouKe x cTpe- 
x 


MUTCA K Hys0, Kora 8 crpeMuTCA K HyJIO, HO OCTaeTCA BCerga NOMORUTeMbHO!, 
KaKOBO Obl HH OblIo 8. B sTOM cyyae Ha30BeM AMpaBbiM (JIeBbIM) HecyulecT- 
BCHHBIM IIPOM3BOJHbIM YHCJIOM B CaGOOM CMBIC Je. 

V3 pesymbtarop B. Spauxa u MH. 3. Ilnamenuopa caenyer, uro B TOUKaX 
MHO2KECTBA TOJIOXKUTEMbHOH Mepbl (Jlax%Ke NOMHOH Mepbl) CyMlecTBeHHOe MHO- 
XKECTBO AIA H3MEPHMOH PYHKIMM MOxXeT ObITb NyCTbIM (lepBad Teopema B. Ap- 
HUKa), COBMaLaTb C MHOMKECTBOM BCeX JeHCTBUTeIbHBIX UHCe (BTOpad TeopeMa 
B. ApHuKa), a TakxKe COCTOATh U3 CEMMHCTBeHHOTO YHCMa (Teopema MW. A. HMua- 
MeHHOBa); HECYU[eCTBCHHO€ MHOXKECTBO P CHJIbHOM CMBICJI€ MOXKeT COBMalatTb Cc 
MHOXKECTBOM BC€X N€HCTBHTEJbHBIX YCeM (lepBad Teopema B. ApuuKa); Hecy- 
IeCTBEHHO€ MHOKECTBO B CjIaOOM CMbICJIe MOMKET COCTOATb U3 BCeX JlelicTBH- 
T@JIbHBIX YMCEl, 34 UCKOYeHHeM OfHOrO (Teopema M1. 31. Ilnamennopa). 

Cyleqyiollve TeOpeMbl TNOKa3bIBalOT, TO BO3MOXKHO M GecuncJIeHHOe MHO- 
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KeCTBO JIPyYIMX CuIyuaeB UM JaioT nouTH Y 
IH BOTIpoc. 


ae 1. J[na usmepumot mynxyuu [ (x) 6 6ott mouxe x: 

) npasoe (reece) cytuecmeeHHoe mHooKecmeo B3AMKHYMO, UAL, OOUee, MHO- 
ecmé6o @CeX NPABLIX (NEGLIX) %-CYLECMEEHHOLX NPOUSOOHEIX UUCeEA C Koagqpu- 
HMaMU % >a, ede a MuKcUposano, 3AMKHYMO; 

2) npaeoe (2eeoe) noaycyiwecmeenHoe mHooKcecméo ecm MHoocecmeo muna F.; 
3) mpaéoe (1e60e) HecyiecmBeHHOe MHONCECMEO 6 CUADHOM CMbICAE om«K polo; 
4) npasoe (aesoe) HecywecmsenHoe MNOoKecmé6o 6 CAAOOM CMbICRe eCMb MHO- 
ecmeo muna Gs; 


5) mpasoe (negoe) %-cytuecmeeHHoe mHoocecméo npu0O<a<1. ecme max- 
€ mHoorecmeo muna Gs. 

Teopema 2. ITycme F —npouséoasnoe samkuymoe mnooxecmeo Oeticm- 
MeNbHolx 4aucea, G— ezo Oonoanenue. Cytuecmeyem ynkyus f (x), Henpepole- 
van Ha [0, 1] u maKas, umo 6 abot mouxe x €[0, 1], Kpome, Oolinb mootem, 
HOHCECMEA MEPbl HY Ab, BbINOAHAIOMCA YCAOBUA: 
| 1) mxooecmeo F seanemca KaK npaéoim, mak u nesolm cytuecmeeHHeLm 
unOocecmeom Ons f (xX); 

2) mHostecmeo G seAKeMCcA KAK npaebim, maK U AeGoLM HeCYLWeECmMecHNoLM 
unoncecméom Onn f(x); Npu amom, ecau F nycmo, mo G seaaemca necywecm- 
CHHOLM MHOoCecmeom Onn f(x) COABAMENABHO 6 CUADHOM CMoICAe; 

3) f(x) ne umeem acumnmomuxeckoti npouseoOnoli. 

— Teopema 3. Ilycme § — npouseonrvnoe mxoocecmeo OeticmeumenbHolx 4u- 
ea muna F ; @©—eeo donoanenue (muna Gs). Cywecmeyem dynxyua f (x), 
uenpepoleHasn Ha [0, 1] u maxkan, «mo 6 «wboli mouxe x€[0, 1], Kpome, 
bib MOSLEM, MHOIKECM6A MePbl HYNb, BbINOAHAIOMCA YCAOGUA: 

1) muosicecmeo % AeAKemcA KAaK npaeblm, MAK U AebLIM NnoAYCYLYeCMBeH- 
iolm mHooKecmeom Ons f (x); 

2) mxHoocecmeo & seasemca Kak npasim, MAK U NebblM HecyLUeECMeeHHolm 
uHoocecméeom Orn f (xX). 

Teopema 4. IIycmo © — npouseorsHoe mHxoocecmeéo OelicmeumenoHelx 4u- 
a muna Gs; F —npouseonbnoe 3amKHymoe mHOoKecmeo OeticmeumerbHolLxX 4u- 
en, codepacauee &; a—npouseorvonoe aucno, O<a< 1. Cywecmeyem dynk- 
jua f(x), Henpepolenan va [0, 1] u maxaa, 4mo 6 mobo mouxe x€[0, 1}, 
(pome, Oolimb mootem, MHODCeECMb6A Mepol HYAb, BbINOAKAIOMCA YCAOBUA: 

1) mHoocecmeo & senanemca Kak npasolm, MAK U AeGlM A-CYyeCMBeHHOLM 
mHoocecmeom Ons f (x); 

2) Oonoanenue mxoscecmea F seanemca KaK Npaelm, MAK U NebLM He- 
SYLUCCINGEHHbIM mHOrCecmeomM OAR f (xX); 

3) 260e uucao KE F —© sennemca Kak npasolm, MAK U AesblM a%-CYUyecm- 
CHHOIM NPOUSBOOHELM 4UCAOM om f(x) Cc Koapmuyuenmom % = a(A) >a. 

Takum o6pa30M, 9TH TeopeMbI OOOOULaIOT MepBy!o TeopeMy HM MepBylo WaCTb 
BTOpoH Teopembl B. ApHuka M JaloT Oovlee MOJHbIM OTBET Ha BONpoc, MOCTAB- 
meHHplit WM. SW. [nameHHoppm. ; 

§ 2. UW. MapunuKesuy jokasa Cezyiollee NpeAJoxKeHNe ie): 

[lycmb OaHa npouseorabHaa nocredosameonocmo {hyn =- 0}, cxodawasaca K 
AY IO. 

I. Cywecmeyem gynkyusn f(x), nenpepoleHan Ha (0, 1] u ob6sadatwyan 
CACO YrOlUmM Ccéeoticmeom: 

(P) Nokon usmepumot dynkyuu o(x) na [0, 1], Konednou noumu es 

coomeemcmeyem nocredosamenbxocmo {An} U3 {hn} Makan, 4mo noumu éctooYy 


f(x + By.) —F(%) 


k->0o NR 


CYCPUBIBAIOMLMH OTBeET Ha MOcTaBJeH- 


II. CosoxynHocmb ecex HenpepoleHolx dynkyuu Ha 1, ae 06 nad arouyux 
ceolicmeom (P), o6pasyem 6 npocmpancmee C mHoocecmeo éecroOy emopoti Ka- 


meeopuu. 
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C weubio OO0OMINTh STY TeOpeMy, BBeeM 

Onpegeneuue 3. Tlycrb ana mpousposbHaaA MocJeAOBaTebHOCTb 
{hn | 0}. Mbl ropopuM, TO UNCJIO A ABJIAeCTCH MpaBbIM CYULCCTBEHHbIM TNpo- 
H3BOJHbIM YHCIOM OT dbyHKuHH f(x) B TOUKe xX MO NocNeAOBATEe MbHO- 
cTH {hp}, ecuu Haliferca Takoe H3MepHMoe MHOxecTBO E, 4TO: 


1) lim Ores eae : 
LG 35 


XX 
x'GE 
: mes E () (x,x + 4,) 
2) lim sce eT al Sit, 
1 —> CO n 


1 il 
3) x +hn€E yaa mo6oro n, T. e. lim AMA olor 


NCO n 

AvaJlOrHuHbIM O6pa3s0M clipeseiseTca JleBoe CYyecTBeHHOe MpousBo,HOe 
YHCO TO NOCNeOBaTeNbHOCTH py. 

Torja BepHo caeqytromlee o606n1eHue Teopempr 1. MapuuuKesuya: 

Teopema 5. IJycmb Oaxa npouseorbnaa nocaedosamenonocmb {hy |, 0}. 

I. Cywecmeyem gyxkyun f(x), nenpepotenan na [0, 1] u o6nadarwan 
CnreOyroluum ceolicmeom: 

(Q) Beskoti usmepumot dynxyuu o(x) na [0, 1], Konewnoit noumu ectody, 
coomeemcmeyem nodnocaredosamenvcHocmb {hn} us {hn} maka, 4mo nowmu 


ecrooy ~(x) A@AReMcA KAK NpaeblmM, MAK U NeBblM CYWMeCMBeHHbIM Npouséeod- 
Holm 4uchom om f(x) no nocaedoeamenbHocmu {hn,}. 


II. Coeoxynrnocmo ecex nenpepoienoix gynkyuii na [0, 1], obnradatowux 
ceolicmeom (Q), o6pasyem @ npocmparxcmee C mnozcecmeo éeciody emopoti Ka- 
meeopuu. 

M3 stow TeOpeMbI BbITeKaeT TakKe, KaK YaCTHbIM CJyyal, BTOpad Teopema 
B. SipHuka (JocTaTouHO TIpHMeHuTb cBoHcTBO (Q) K PyHKWMAM Om (Xx) =m, 
rye {hm} O3HaYaeT NPOMSBOJIbHOe CUCTHOe MHOKECTBO, BCIOLY MJIOTHOe B MHO- 
2KeCTBE BCeX JCHCTBUTCJIbHbIX YHCe, H YUeCTb, YTO CYWIECTBCHHO€ MHOKECTBO 
Bcerja 3aMKHYTO). 


=), 


MockoBcKHH TocyapcTBeHHblli yHHBepCHTeT Tlocrynuno 
um. M. B. Jlomonocosa 23 I 1959 


UUTHPOBAHHAA JIMTEPATYPA 
1 Vy. Jarnik, Fund. Math., 22, 4 (1934). # ®. H. Ulmugos, JAH, 39, 7, 


271 (1948). be MW. A. Waameuuos, Mateo. cOopu., 42, 2, 223 (1957), * J. Mar- 
einkie wicz, Fund. Math., 24, 305 (1935). : 
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Jokniann Akanemun Hayx GCCP 
1959. Tom 126, Ne 4 


MEXAHHKA 


r. B. YOKHK 


COCTABHBIE BAJIKM (CTEP)KHM) KAK CPEJCTBO NOBbILMEHUA 
HECYUJEM CNOCOBHOCTH HW MPEXOTBPAUIEHUA XPYMKOLO 
PASPYINEHHA B MECTAX KOHUEHTPAUMH HATPSDKEHHE 


| (ITpedcmasaeno axademuxom A, A. Baaeonpasoseim 80 I 1959) 


Kak cJleqyeT 13 W3BeCTHBIX PelleHHH 3ajad O KOMMeHTpaluu HalpsxKeHUEt 
',”), MaTepHad, paciOJIOKeHHI MO HaMMCHbLeMy CeyeHHIO pacTAHYTHIX Mla- 
THH C OTBEPCTHeM WJIM C BbIPe3aMU, HaXOMUTCA B YCJIOBMAX JByXCTOPOHHero 
ACTAEXKEHHA. OTH PeICHHA CNPaBeMVMBbI MMIWb AIA WByX Kpalinux cmyuaes: 
) MIA WacTHH JOCTaTOUHO TOHKHX, KOra elicTBUTeIbHO OyeT MIOCKOe Ha- 
[Pp KEHHOE COCTOAHHE; 2) VIA NaCTUH OYeHb OOMbIUIOM TOMHHI, IPH KOTOpOH 
BINOJIHACTCH YCIOBHE MNOCKOH WeopMalHn: og = pt (cy + G9). 

~ OyHako repexoy OT MOCKOrO HampAKeCHHOFO COCTOAHHA K MVIOCKOH Aedop- 
fauuH He mpoucxoquT AucKpetuo. Ilo mepe yBeHYeHHA TOVJILMHI MacTHH 
{OXKHO OMKUATb COOTBETCTBEHHOFO MOCTeMeHHOrO UM BCe GOOJIbIerO yMeHbINeHH A 
OrpaHH4eHHs) OMHOH H3 KOMMOHEeHT AecopMaluk (pu cTpemMeHuH ee K HyJtO) 
{ OLHOBPCMCHHOFO COOTBETCTBEHHOLO BCe OOVJIbIUErO YBeIMYeHHA TPeTbero PaB- 
10oro HalpsxKeHua. TakuM O6pa30M, YyBeJIMYCHHe TOJILIMHbI pacTArHBaeMbIxX 
1JIM U3PHOaeMbIX MIaCTHH C OTBEPCTHeM JIM C BbIPe3aMH JOJIKHO COMPOBOKLaTb- 
"A COOTBETCTBCHHBIM MepeXOAOM OT mpeoblafatoljero MOcKoro HanpsAxeHHOTO 
MOCTOAHHA K MWpeoOsaqaiwollemMy TpeXMepHOMY HepaBHOMePpHOMY PpacTs2KeHHIO. 
 TIpu kako Tome miacTHH TpeXMepHoe paCTA%KeHHe CTAaHOBHTCA yxKe 
SAMETHbIM? M3BecTHbI BECbMa H€MHOFOUMCJICHHBIC TMOMbITKH PeWICHHA 9TOH 3a- 
jauu (3,4). Onn yKa3biBalor Ha TO, YTO yXKe IPH CpaBHUTeIbHO HEOObION TO.- 
[MH IJIaCTHH C OTBEPCTHeM UJI C BbIPe3aMH Hallps#XKeHHOE COCTOAHHE CTAaHO- 
SMTCH TPCXMCPHBIM. 

O6 yBeMYeHHH HHTCHCHBHOCTH TpeXMepPHOrO pacTAXeHHA B 30HE KOHILCHT- 
allMH HaNpAKeHUH MpH yBeIMUCHHM TOJIMMHI CTep2%KHeH WJM LWIMPHHbI ceve- 
[MA TJIACTHH KOCBCEHHO MOXKHO CYAUTb MO HaJIMYHIO MU pasMepaM 3OHbI XPyNKUX 
YaCTKOB Ha MOBeEPXHOCTH pa3spylueHusA (°). C WebIO BbINCHeHUA STOTO BOMpoca 
[aMH ObIWIH MpOBeeHbI CweAyIOUMe OMBbITHI: 

1. Ws nopmasms3opanHolt ctau 45 ObluIM MPHTOTOBJIeHbI CTep2KHH C OWMHa- 
‘OBOli wIMpHHO (16 MM) uc pasauuHol TommuHOn: 1; 3; 5; 7,5; 10; 15; 20; 
4 MM; Ha Kaxk[blli crep2KeHb C JeBOi Mm mpaBol CTOpoH HaHOcHIM rayOoKue 
BITOUKH OJMHAKOBOH Ja Bcex ryOuH (t = 3,7 MM) 4 KpHBusHbI (p = 0,3 MM). 
locne pa3pbiBa 3aMeTHbIe BKJIOUCHHA XPYNKUX YUACTKOB ObWIH OOHAPY2KeHbI Ha 
OBEPXHOCTH paspylleHusA cTep»KHeli, HAYHHaA C TOJMIMHEI 5 MM. IIpu yBenu- 
CHM TOJMMHEI Jo 10 mM, Kora OHa CTaJia paBHOW WMpHHe HaMMeHbIIero Ce- 
CHHA, 30Ha XPYMKOFO paspyllleHHA 3aHHMasia HCMHOrHM OOJIbIIE MOJIOBHHET 
cel nopepxHoctu paspymenus. IIpu WaJIbHeHUIeM %e YBeJIMNCHMH TOJIMMHBI 
015MM xpynkKaad 30Ha pacipocTpaHuJacb NOYTH M0 BCeH MOBEPXHOCTH pa3- 
yuenua (°). Srv HaGMOLeHHA CBUAETEILCTBYIOT O OBICTPOM YBeJIMYCHHM HH- 
CHCHBHOCTH TpeXMepHOro pacTsxKeHUA IPH CpaBHHTCJIbHO HeOOJIbLIOM YBeJIH- 
CHUM TOMA. OHH MO_TBepx*KalOTCA TaK%KE Pe3y/bTATAMH SKCHEPHMCHTaIb- 
oro H3yueHHA HallpA2xXeHHOTO H jesbopMu poBaHHOro COCTOAHUN CTEP2KHCH , B 


HaJiOTHYHBIX coryyaax (7,8). 
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2. Ha puc. | mpusefexbl AMarpaMMbl usrnOa TWiacTHH (CTaJIb 45) ¢ O2HOCTO- 
POHHHM Haj[pe30M, MMeIOW[HX pasJIMUHYy!0 WIMpHHy CeyveHHA pH OAMHaKOBOH 
pbicore (dampumep, 1010; 105; 10 2,5; 50x 12,5; 50x50 u T. A.); pasmepbl 
Haf[pe30B U3MCHANHCb MpOMOPUMOHaJIbHO BLICOTaM; Ha OOpasilaxX C BBICOTOH Ce- 
yenua 10 MM rayOuHa Hagpesa ¢ = 2 MM, paguyc KpuMBusHbI p = 1,0 mM. IIpu 
YMeCHDbIICHHH IMPWHbl CCYeHHA JIA BCeX OOpa3lOB, MMCIOMIMX OMHAaKOBYIO 
BBICOTY, Pa3MePbl Ha[pes0B OCTaBasIMCb HeM3MeHHBIMH (°,°). 

Buesanubiii cOpoc Harpy3kH B MOMCHT JOCTHXKeHHA CIO MaKCHMyMa Ha Ma- 
rpaMMe usruOa ABJIAeCTCH Hal@KHbIM IpH3HaKOM XpylKoro paspyuienua. Kak 
BUHO Ha puc. 1, B JaHHOM cy4ae (T. €. IPHMEHHTebHO K JaHHOMy MaTepnally, — 
KPHBH3HE Hay[pesoB u pasMepaM OOpasiloB) TakOM COpoc Harpy3KH H, CJleqoBa- 
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Puc. 1. J[Marpammst u3ru6a o6pa3iios (cTamb 45) c Hawpesamu (+20°). 


TeJIbHO, XPpyMKOe pa3spyluieHve HaOJIOJasIMCcb JHWb Moce TOrO, Kak WHpHHa 
IWIaCTHH YBeJIMUMBaslacb Jo 15 mM u Gomee. OuepuyHo (1, 3-’), uro MHHMMaJIbHad 
TOJMLHHA WacTHH, HauMHaA C KOTOPOM OyAeT NpONCXOZUTb Xpymkoe pa3spyuie- 
HWe, 3aBHCHT OT pa3MepoB Hajpe3a HW COCTOAHUA (COMPOTHBJICHHA) MaTepnaa. 
Tak HallpHMep, B ucceqoBaHuH (°) OHa OKa3alacb paBHOH 8—10 mm. 

PesybTaTbl, IpHBeeHHbIe Ha puc. 1, MOsBONAIOT CJeslaTb BbIBOX O TOM, 
uTO B TeX CJlyY¥aHX, KOrla WMpMHa CeYeHHA B OKPECTHOCTH KOHICHTpa- 
TOpa HalpmMKeHUM WocTuraer KPHTHYeCKOM BeIMYMHbI, HaYMHAaA C KOTOPOH u 
IIPH JaJIbHeHLIeM ee YBEJIMYeHHH HEM3O@KHO XpyiMkoe paspyuleHue, ETO M O K- 
HO NpeROTBPATHTb H TEM CAMBIM YBEAMNUYUTL HEC Yy- 
Wyrm cnocoOuocThb ITOTO CceueCHHA; FAA ITOTO HEOG 
XOQHMO JHUb 3AaMCHHTb CNMOMHOe CEYUCHHE HA CO- 
cTaBHOe€ C T€EMH Ke Pa3Me€PaMH, COCTABMECHHOeE HB 
OTRCETbHHX SMEMCHTOB NO WuUpHHe c HEOOALMUM 
3a30pOM Mex y HuM kh. IIpu 9TOM WMpHHa KaxOrO U3 3eMeHTOB, 
COCTABJIAIONIUX CeyeHHe, LOJKHA ObITb BbIOpaHa H3 YCJIOBHA, UTOOLIero paspy- 
IM€HHE B OTJCJIbHOCTH He ObWIO XPpyNKuM (T. €. C AOCTATOUHO MaJIOl MHTeHCH- 
BHOCTbIO TPCXMePHOrO paCTA%KeHHA OKOJIO KOHICHTpaTopa HanmpsKeuuit). 

Tak HallpiMep, B COOTBETCTBHHM C pe3yJIbTaTaMH, MIPMBeMeHHbIMM Ha puce. |, 
yTOObI IIpeAOTBpaTHTb XPpyMKoOe pa3pyuleHHe HeOOxomHMO cHoWHOe ceyeHHe 
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X50 3aMCHHTb COCTaBHBIM u3 4 92vIeMeHTOB m0 IMpHHe Cc pa3sMepamu 50 x 
12,5 (rue h = 50 — Bpicora ceuenna, ub = 12,5 um — IIMpvHa 9JleMeHTa ce- 
MA), HIM BMeCTO cnouHOrO 30 X15 B8aTb CocraBHoe ceueHHe U3 2 S71eMeCHTOB 
pasmMepamu 30%X7,5, uw T. 2. 

O TOM, 4TO cocTaBHoe ceyeHne JelicTBHUTebHO IIpeMOTBpaliaeT XpynkKoe pa3- 
(MICHHe H YBeJIMYUBAcT HECYyILy!O CNOCoOHOCcTh (pabory Aedopmalun uv paspy- 

HHA), CBHeTeIbCTBYIOT 
3YJIbTaTbl, TIpHBeeHHbIe 

puc. 2. 

B npeqiomxennn, cqesaH- 
M MCXOJA COBEPINeHHO 43 
bIX IPeANOCbWIOK, OBO 
M3HaHO, 4TO o6pa3iibl, ee 
CTABJICHHbI€ H3 3JIEMeCHTOB KT Pagpe= 20500 AL 
) WIMPHHe, He UMeIOT Mpe- 20000 20000 
fYUeCTB B CpaBHeHHH co 
JIOWHbIMH OOpa3ivamu ((1°), 15000'- 
p. 215), a nmpeumymrecrza, 
YYCHHbIE COCTAaBJICEHHeM 10000 
/Pa3ILOB 13 OTIEbHBIX Mia- Q 
UH, paCIOJIOKeHHBIX 10 
(COT , BbIABJIAIOTCA OTUET- 
iBee MPH MCNOb30BaHHH 
a\KuX IwIacTHH, KOTOppIe oD 2 Oa ee 
> MMeIOT HapesoB HJM i — 4 


YTHX OCMaOIeHHH, BbISbIBAa- eee ae i . 
: uc. 2. J{uarpamMbl usrHu6a cnvouiHOro r 
lie Beats ee oOpasiloB Cc ONMHAKOBLIM KOHUCHTpaTOpOM HalIpA?KeHHH. 
110 HallpwKeHu (TaM xe, IlopepxHocTb MrHOBeHHOrO XpyMkoro pa3pyWleHHA CIJO- 
p. 223). WHOro OOpa3ita — cBeTIO-cepan, KpHcTamMueckant. Pas- 
B 3aKJloueHHe yKaxKeM, pylleHve cocTaBubIx oOpasioB 3aMeVJICHHOe, IIpOH3OLIO 
K e CTb MaTOBad, Xa- 

‘O HCMONb30BaHHe cocTaB- "OAYriom, Onuskum K 45°, MoBepxHo 


i akTepHad Wd BaA3KOrO pa3spymenuxq Wi = W2 = 
1X (10 1HpuHe) ceuenuit, PXT?P Both ne 


IpaBJbIBAeMOe TIpexK Te Bce- ; 

) TIPH HaJIMYHH KOHICHTPalluH HalpsxKeHHH, MOXKET OKa3aTbCA OCOOeHHO 
MPEKTHBHBIM B KOHCTPyKUMAX, paOoTaIouIMX He TObKO pH CTaTHYeCKUX 
IM yapHbIX Harpy3KaxX, HO TakxKe HM MpHW NepeMeHHbIX Harpy3KaxX C 
MMMeTpHeH WuKI0B. B stom cJlyyae COCTaBHbIe CeYeHHA MpeqOTBpaTAT 
ACHOCTb MIHOBEHHOrO XPpyIKOrO pa3pYUIeHHA 9SJICMCHTOB KOHCTpyKUMH, 
ITOPOe MOXET BbIZBaATb CyYaHaA 3HaUHTebHad Neperpy3ka B CaMOH paH- 
H CTaqHM ycTaJlocTHoro pa3pyllleHHs. 


1 


VuctutyT MallMHopeqenua pen nite 
Akajemun HayK CCCP 29 
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Horuage Akagqemunu nayr CCCP 
1959. Tom 126, Ni 1 


MATEMATHYECKAA PH3HKA 
WM. C. AP)KAHbIX 


Ob OJHOM AJIFOPH®ME KBAHTOBOM MEXAHHKH 


(Tpedcmaeaeno axademuxom H. H. Bozonwboeom 15 I 1959) 


§ 1. HeoOxoAquMocTh aaropudma. Meroge pemenua 3ayau 
KJlacCH¥ecKOH HM B KBaHTOBOH MeXaHHKe pa3JIMUHbI. STO pa3sM4yue CBA3aHO 
pexke BCero C TEM, YTO B Me€pBOM CJlyyae HEOOXOAMMO HHTErpHpOBaTb ypaBHe- 
M€ B YaCTHBIX MpOHSBOHbIX TamusbToHa — WKoOu (mepBoro mopsjyKa) 


Ow Ow 


Ow if \ 
a tHE Qin e+ +5 Gay Bq? pans (1) 
BO BTOpOM — ypaBuenne Ipequurepa (BToporo mopayKa) 
(HytH)v=0. (2) 


Onepatop # Opi nocrpoeH Ipequurepom Id HepeATHBUCTCKOrO [BH2Ke- 
ua (7, ?), a B peATMBUCTCKOM csly¥ae npaBusto Ipequnrepa aer ypaBHenue 
pyroro THNAa (CO BTOpbIMH MpOH3BOAHbIMH 10 Bpemeuu (3)). Merogupaxa (375), 
PHMCHHMBIM JIMUIb JIA OMHOM “aCTHIUbI, IPHBOAUT K CHcTeMe ypaBHeHuH TuMAa 
2). Apyrue cnoco6nl WaloT B PeJIATHBUCTCKOM culyyae elle Govlee COXKHbIe ypaB- 
eHua. TakuM OOpa30M, JaBHO CTOHT Bompoc (*) 0 crpykKType onepatopa H B 
eJIATHBHCTCKOM culyyae. KBaHTOoBad MeXaHHka JIA CBOerO JaJIbHeMWero pa3- 
MTHA CYULECTBeEHHO HYKaeTCA B TAKOM YHHBePCaJIbHOM aJIropudMe, KOTOPbIM 
O BCe€X CYYaAX MOSBOAeT MOCTPOUTb ONepaTop FH ypaBHeHnsA (2) no PyHKUHH 
/ ypaBuenua (1). YqoOuee nocraBuTb BOMpoc Wupe —O mocTpoeHHu yHHBep- 
AJIbHOrO aJITOpHqMa, KOTOPbIM MpH OAHOK pealMsalun JaeT ypaBHenue KJ1ac- 
44eCKOH MeXaHUKU, a MpH pyro peamusalun Jaer ypaBHeHHe KBaHTOBOM 
€XaHUKH. STUM AOCTHFaeTCA CHHTe3 M@XKAY M€XaHHKaMM KJIaCCHYeCKOl HW KBaH- 
DBO, TaK KaK ACHO, B YM COCTOUT OTJIMUHE H CBA3b M@EXKAY ypaBHeHHsamn (1) 
(2) (quanekTuyeckuli cuHTes). Huxxe Tako alropudM ykKa3aH. 

§2. Anropud™o. Iocrpoum onepatop K wax pynkuuamu 2 (¢,w, q,..- 
.,9n) HeKOTOpOrO cemelicTBa (QEC! qd KMaccHyecKoH MexaHnKH, Q€C? AA Me- 
AHHUKH KBaHTOBOH), OOaalolllul Cle YIOUIMM CBOMCTBOM: PH peaJIW3alMH O]- 
HX YCJOBM, CBA3aHHBIX c omepaTopoM K, AOJMKHbI NONYYTbCA ypaBHeHHA 
jlaCCHYeCKOM MeXaHHKH, a pH peasM3sallMud APYrHX YCOBHH JOJKHO MOJy- 
cs ypaBHenne (2). 

Ilon0x%KuM JIA KpaTKOCTH 


ET = 0Q/dt, W == 0Q/dw, Q, = 022/0qy 


BO3bMeM OnepaTop K B Bue 


Qi Qn 
K(Q)S—TWHWH (fdas um yr ae) (3) 


3aTemM C MOMOLIbIO STOFO ONepaTopa NOCTpOMM PyHKUMOHAa 
to a 

1(Q)=\ di \ dw | K(Q)4Q, (4 

D MW (Q) 


rae (Q) — KoncburypalHoHHoe IpocTpaHCcTBO OTHeCeHHA, 
dQ = 2 (dy = -+5 Gn) aq, - «> adn. 


Haw asropudM cocrouT B Cuelyroulem: 
Jlaa Kaaccuueckoti MeXAHUKU PpeAAUsYyIOMNCA YCAOBUA 


K(Q)=0, OCF Weg up), (5 
a OANA KeaNmMo6oli MEXAHUKU PeAAU3ZYIOMCA YCAOBUA 


Sf = 0, Q= V(t, q,---, gnvexp (— 2). 8 


Y paenenue Tamuaomona — AKobu aKeueanenmHo Ycaosusm (5), a ypaeHenu 
(2) coenadaem c ycaoeuem aKkcmpemanonocmu gynKyuonana I npu nanudu 
nepuoduunocmu c nepuodom 2rh omHocumenbHo OelicmeuA W. 

Tleppaa uacTb peasiM3yeTcs Mpocto: u3 ypaBHenuad 2 =0 naxonum T+ Wa;=0 
Qv + Ww,, = 0 u noxcraBisem 9TH 3HaueHua T u Q, B ypaBHenve K = 0. 
Ilocme cokpatlenua Ha W? mojgyuum ypaBHeHve (1). Ero xapakTepHcTuk 
COBNaaior C KaHOHHYeCKHMH ypaBHeHvamu TamMvMJibToHa, a U3 9THX ypaBHeHH 
CJIeAyIOT ypaBHeHHA J[BHKeHHA B cdopmMe Jlarpanxa. 

J\na peanngayun BTOpo uacTH cocTaBuM yCjOBHe 9KCTpeMasbHocTH J: 


Bee a. Oak 
ot Pegi 


Ar) dele xa OH \ _ 
weds Nab Dm, %)— eB ale” Hao 7 


MW BbINOJIHMM NoycranoBky 82 = exp (—iw/h). Torgqa nonyamm ypaBHeuue (2) 
rye onepatop FZ’ umeer culesyioulylo CTpyKTypy: 


ape 1 OH h 0 OH 
Ge aad TOI ap, + sary Diag, (BY F,)> (8 
h Mw 
Qe SoS See 
Lit Of, 


HIM B Ppa3BepHYTOM Bue 


1 OH A wx @H 
7 ilk ane PoP th aay amg ae 


OP,OP,, 
h ~idlng oH h OPH 0? 
Ss Tae ey Bre ae 9 
2i pa q, OP. wu we 2 7 OPvOPy 99,09, * ( 


Tlombsyxich STHMH (OpMyJaMH, JerKO TOKa3aTb, YTO JIA CHCTeMBI, uMeroulel 
kslaccuyecKylo (pyHKunio TamMubToHa, MOBepXHOCcTb cma6oro paspbiBa (xapaK 
TepHCTHYeCKad IOBeEPXHOCTb ypaBHeHuA (7)) OllpemeineTcA Kak pas ycuOBUA 
Mu (5). CneqoparebHo, OuxapakTepucTuKu ypaBHenua (7) (nyuH) coBnayato 
C TpaeKTOPHAMM KJlaCCHYeCKOH MexaHHuKU. ‘ 

§ 3. I[pumepu. J[na usmocrpalun yHHBepcasbHOCTH yKa3aHHOrO asro- 
pudMa paccMOTpuM HeKoTOpble puMepbl, MpHyeM us GOobUIOrO uNCNa BO3- 
MOXKHBIX CHCTeM BbIOepeM TakHe, KOTOPbIe WMCIOT CaMOCTOATEJIbHbI uNTepec 
(ipuMepbI 2 u 3), HM MoKaxKeM, 4TO Haw cMoce6 faer, B yacTHOCTH, HM ypaB- 
HeHve LHIpequurepa. | 
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1. YpaBuennue Hl pegunurepa. Ilycrp g = | (qexaprosp KOOPJ{HHaTbl), 
1 e 2 


BprunciMM onepatop FZ no dopmyse (8). imeem: 


(0 BE tay r(a fa). 


m 
LO fe MOF e i. SUSE 
H=+(b, Sp) =? — sam (A, ime 
dive — 4 vow_ _§ waiva— £ (A, VY). 
p mi mc mc 


rciowa culewyeT, uTO Y ectTb onepatop Lpeyqunrepa (3,?). 
B oOuleM HepeJIATHBHCTCKOM CJIyyae, Korja 


H — Sas + SG.p, ae G, 
vou v 


puMeHsAa dopmysy (9), Momysyaem onepatop Llpenuurepa B KpHBouMHeHHbIx 
oopyuHatax (°). 
2. PemaTuBUucTcKoe ypaBuHeHne. I[lyctb 


H = dime + =, (p, Se +V. 


Byyem spunciatb 4 mo d@opmyuie (8). Mmeem: 


=t3(-%)- TF R+ we) wl Ae FA) 


M, = mR, = my 1 (ea, IN 


t= Vy in YS 


\l 
SaTeM BbIUHCJIAeM Di divy (Y OH /Op,) M Haxoyum 
v 


is 
| 2 ; 
|) #=V EUR 4g) toe Dg att BDL (Win Ry wu) — 


h pe ate Da ee 
mer an i Hm, | vy) v) Pie 6 


2 


(10) 


Onepatop (10) moxHo npeoOpasoBath K 6Ooulee KOMMaKTHOMY BHJLY, Kak 
10 yka3aHo (°) Wd OAHOM YaCTHUbl. Ecau A,-—>0, To onepatop (10) o6pa- 
aetca B onepatop Il[pequurepa. 

4T 


3. Cuctema B3aMMOMeCHCTBYWOMUX yacTun. B ee 
TIpHOM2KeHUM KMHeTHYeCKHH NOTeHIMasl BbIUMCIeH (CM. (7)). C row xe TOW 
HOCTbIO MO2KHO BbIYMCJIMTb (yHKILHIO 


4 
19 a eke > Gy py + = > Gy PvPp + Uy > Gyr PvPuPrPus 
v vy, 


Vy Uy Ay % 


a 3arem 110 (bopmyvie (9) uw oneparop #, KOTOpbIH MpefcTaBsaeTcH B Bue 


A\s 


h AN? 
He = Hy= + Ht +(F) M+ (F ) Hea, ee 
rye 
H.= G+), =e, B= BG, 
== (ing +0.), “Gm = Gn 
4 wv 5 
ts 4 ay a (G00 = Guy, Se (a 
v, w 
da = = > LS Gigoine (yt y,0r0x Se TT OvOy) $s 
VeneemAn ty 
-+- tT, (G enue -++ Gye0 x) + Ty (G onaon =e GT oa 
= OF In Nie Gans = GG junc a Dime yaa 
CpefqHeasHaTCKHH TocyapcTBeHHbIM yHMBepCHTeT Tloetyn uso 


um. B. H. Jlenuua 27 XII 1958 


IWMTHPOBAHHAA JIMTEPATYPA 
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48 


Jloxaann Akanemun HayrK CCCP 
1959. Tom 126, N 1 


MATEMATHYECKAA PH3HKA 


H. H. TOBOPYH 


HTETPAJIBHBIE YPABHEHHS JI AHTEHHbI — TEJIA BPALJEHUSA 
| C MMNEJAHCHOM MOBEPXHOCTbIO 
| ’ 


| (IIpedcmaeaeno axademuxom H, H. Boeoatoboeum 21 I 1959) 
| 

| Tlosyuent! ypasHenva nepporo u BTOPOrO pola AMA, MJIOTHOCTH auIeKTpH- 
cKOrO TOKa B aHTeHHe c uMMesaHcHoli MOBEPXHOCTbIO, Haxofaulelica B Oec- 
HEYHOM TipocrpaHcrBe. BosOyxyenve Sepetcn B Bue MpOu3BObHOrO BHEIII- 
TO NOJA, Nasaioulero Ha aHTeHHy. Ha mopepxuocTu 3afaHa 3aBHCHMOCTb 
KLY TavreHUMaIbHbIMH COCTaBJIAIOWIMMH MOJIHOrO 9JIeKTpMyeCKOrO HM Mar- 
oi 0\ 
0 f2/ 
MOBepXHOCTH aHTeHHbI S. B yacrHoM cJlyyae 3TO MOMKET ObITh CHJIbHO MIpo- 
Asad MOBEpXHOCTb, Ha KOTOPOM IMuleTCH KpaeBoe yculoBHe JleoHToBuya. 

§ 1. YpaBuenuux Broporo poja. Ymuoxwxaad BeKTopHo cbopmyay 
petrona — Uy (cm. (4), crp. 410) gaa MaruuTrHoro BekTopa moma Ha 
PpMaJIb K AHTeHHE, Mbl NOJIyYaeM HHTerpasibHOe COOTHOMeHHe JIA MOTHOCTU 
@KTpuMyecKorO TOKa © 


= 4(M) = | (eos [a (M) Em (W) E (NTT EM) GUN ) era mM 
2 | 


(a (N) H(N)) [9 (AZ) grad’ o}} ds. (1) 


ITHOrO BeKTOpOoB B Buye E, = C[nH,J, rae b= , a M—HOpMasb 


icTeMa KOOpAWHaT WuNMHApuueckan; WM (Zz, p, 9) — TOUKAa HaO WO eHuA; 
(2’, 0’, »’) —TouKa uHTerpupopanua; n(M) = {cos 8, sin 8, 0}; n(N) = 
{cos 6’, sin 6’, 0} — BHemmHne HOpMasm kK HoBepxHocTu S B TouKkax M u N; 
wu 0’ — yrsibl MexKY HOPMaJIAMM UM OCbIO Z; jeg [n(M)H(M)]; > =e” /r; 
=V P+ oars 2pe"éos 82> (2 = 2")? B= o—¢’; so ered eae orp (M, N) 
| TlepemMeHHol Touke NV; E u H —uckomoe tone: 

Vcnoup3ya yculoBne une faHCHocTH E, =C[nH,], ypapuyenue Makcpenna 
= -"_ [VE], a Tak7Ke BBOMA B kavecTBe nepemeHHon QuMHYy LyrK oOpasyio- 

iw. 3 ; 
i aHTenupl (/ quia TOUKM Mul gna rouxu M), nosyuaem 


E; = —E,—€[nH,] + Gi, 


; N)[VE(N)] _ B 
. maine vant yi (NV) = 4 Ca ig si Ree. 
OE. aE. 6/ C10j 0 oh oy 50" ' 
wey ta st a (AB EEN 


BOG SO), °" 


Ee = Expy — Ceo, ya = hog Coll zp, Agy = (pHp), Rak, < (tH,), ? 
Eop = (GE;), En =(E»), t= {sine’, —cos6’, 0}; 9 = {0, 0,°1}." 

_ H, — Bueuinee Bos6yxqaroulee none; H + Hy = Hy, E + E, = En — nonce 
ne. 


Hamee, ‘yuntookas 
1), mosyuaem cuctemy MHTerpo- 


JAH, vr. 126, Nb 4 


(1) cKaJIApHo ‘Ha <M Ha @ MW nogeraBJiaA Mp sToM (2) 
-ucppepeHviaIbHEIX ypaBHeHMi ja MepH- 
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quambHot j, = jf, (J, o) = (zj) ufasumytabHol jf. = jo(l, ¢) = (9) ee 
LHX MJIOTHOCTH TOKa 


2 ~— 5 : 10f1 ea Oje 7 
ja = 5 | | Ska + Boake) jn + ote (25 — =) ds + Qin (7= 1,2), (3) 


ede’ 
Saet— 1 

os b ay | 
, oy By 0 er | 

Ky = — cos 8 cos B= — sin 8 oe Ki = sinB ar » 
Pe: i) rn 8 ae 1 ab 
Ky, = cos 9 sin B (sin 3 + cos 6 or) + (sin 8 cos 6’—sin 6’ cos 8 cos B) 7 aa" 
ay 2a 
Ko2 = cos 8 cosB 5; + sints, ; (4) 

ky, =iwedcosB, Ry = iwe bcos 8’ sinB+ = &, Ry= iwedcos OsinB, 
; : Suny i cos 0’ 

hog = iwe (sin ® sin 8’ + cos 8 cos 6’ cos B) p + 57 Rs 
q 
ar 14 dy Sak pa he ay \ 1 
ey — ac ees a, = (sind — cos 0) — , | 
Bg 4 \{ , , (Eas Fes) . 
UP iso ae EE 2 Ry Ey + RE os + % 09" Or’ ds, | 
dE. OE, “ 
ie 4 \ , , ( <b a) | 
SUS ame 2 {RoE so + ReeE os + % ede" Or’ ds 


Tlomb3yacb MepHOAMYHOCTbIO IO  H ¢’ BbIparxKeHHH, BXOMALIHX B (3), (4), 
(5), pagmaraeM HX B pxybl Pypbe MW NoJyyaeM CHCTeMbI ypaBHeHHH WA 
OTJICIbHBIX TAaPMOHHK MJIOTHOCTeH TOKAa | 


2 
9) =\ 1) (KS2 + RSG) HP (L) + 
L x=1 
j(t) (77 | 
+a [ini (0) — 628 O]h o av’ + 292, 6 
(72) (n) 


rye BesIMUMHbI jo, Kox HT. W. C HHACKCOM A ABJMIOTCA KoOSdduILHeHTaMy 
pasox%KeHHA B pAAbI Pypbe COOTBeTCTBeHHBIX BeJIMYHH 6e3 HHeKCOB B (3), 


(4), (5): 


or on 
n 1 . n 4 3 
is? (1) = ye \ dlls @) ewitedy, KEP = 5 \ Kee (ls U9 — 9) ed 
0 0 


Her. J 

Ypapuenua (6) oTmuaiorca oT ypaBHeHHli Ja upeabHO mpoBoysmel 
aHTeHHb! (5) Hamuuvem agep kW u aS”, yanrerwatoulux uMneqaHcHocTD MOBepx 
HOCTH, H NepexogaT B Hux mpH © =O. Pemenne (6), kak u B (5), Moe’ 
ObITb NoOsyYeHO YHCIeHHbIM CrocoOom. IIpu Mawpix ©, pelllenve MoxKHO UCKAaT! 
B Buse pxAga no G, npn STOM KOSPPHIMEHTHI PasOKeHUA HaXOMATCA mocwe 
WOBaTeIbHO W3 ypaBHeHHH IA WealbHO mpoBoysmei axTenup (€, — 0 
C COOTBETCTBCHHO H3MeHCHHBIMH TIpaBbIMM yacTamH. Jd ocecuMMeTpHuHOrt 
BosOyKNeHHA (n = 0) cuctema ypaBHenuli (6) pacnagaerca (kak u npx CF, = 0 
Ha [Ba OTJembHEIX ypasHenua gua ji? uj: 


1) =\ (KP + GHD) iO (0) 6" al + 210, 


L 
40) (7) (0) yy 0) (40 Oe hay 
HO) = \YK + Ch) £0) — Ga Se} ot a’ + 2 


§ 2. YpapuenHuax mepsBoro poga. Sayauy O HaxO%KeHHH TOKa 
KHO TIOJIHOCTbIO PelHTb, HCHOJIb3ya CHCTeMbI ypaBHeHHit (6), O2HaKO 9370 
eOyeT OBOMbHO OombIUOrO OGObeMa BbIUNCNIeHUI, Tak KaK IIpH HaxoxKenny 
rep KR, R®, a vw npaseix uacreii MpUXOUTCA YMCeHHO MHTerpHpoBaTb 
) a3MMyTaJIbHOMy yrsiy. Hyxxe Mbi loulyyaeM muTerpasbHble ypaBHeHua nep- 
rO pofa Ai HyJeBOH M NepBol rapMOHHK TMOTHOCTH TOKa Cc ApaMu, He 
BUCAINHMM OT a3HMyTaJIbHOrO yrsia. B KauecTBe ucxo_HOro ypaBHeHuA Tep- 
rO pola Mbl Gepem cdopmysy Crperrona — Uy ya BeipaxeHua marnnTHoro: 
‘KTOpa BHE IIOBEpXHOCTH aHTeHHbI. PaccmaTpuBatotca M, snexamine B o6sa- 
a” G BHyTpH NoBepxHoctn S. Torga H(M) =0, u mer uMeem: 


, {wep [n (V) E (N)] — [[n (N) H (N)] grad’ 4] — (n (WV) H(N)) grad’) ds = 0 


( / 


MEG. 


®opMaJbHO, MpoyenaB c dopmyso# (7) Te 2%xKe BbIKaqKH, TO HB § 1 
KM BHIBOe ypaBHeHHH BTOporo pola, NoyyHM cucTeMy ypaBHenni nepBoro 
la B BHJe 


j 10) Oje : 
ae | Kot hat) a t2e GB — BE) as baie —O, 
S (x=1 
MEG (2=1, 2), 


€ Kox, Rox, %o, joo HatoTCA copmy.iamuH (4) u (5). IIpu srom 8 paccmarpu- 
€TCH KaK IIPOH3BOJIbHbIM Mapamerp. Jlanee BbiIOMpaeM BHellHee nove B BHIe 


Ex(l, ) = Exo(l) + Exs(!) sing + Ere (L) cos¢,, 
Exo (l, ¢) = Ego(l) + Egs (L) sing + Ege (l’)cos ¢’. (9) 


Pewee ypaBHeHua (8) Hjem B TOM Ke Bue 


h ie ¢) pee j® sin o + 72 cos 2, 
Aes ) = ne a fe sing + i? cos g’- (10) 


Tlogcrapasiem (9) nu (10) B (8) nu Tpe6yem BIOJHEHHA (8) B TOUKaX, Ha- 
AAUUXCA Ha ocw z (p= 0). Muterpupys (8) no 9’ u reaps ae c sing 
cos, Moslyyaem cucremy ypaBHenuit ana jS”, iS, ise, its, fie, KoTopas 
cule CIORKCHHA OTICJbHLIX ypaBHeHHH pyr Cc ApyroM MH BbIuMTaHHA UX MO- 
T ObITh 3amvcaHa B Bue 

| 

| 


Vs + % (iwey sin oes oS) (Ona. A dias 1 dl! = 99, 
L 


imu’ dz 
\e- + Gime cos 0") jDo’ dl’ = Qijoom (m=s uM m=), Gua) 


\ {(cos 6’ = + sin6’ Fi + C,ioed) in — 


EL 
*(1) ;(1) , ; 
= A Oy x eS au Mo (Ge msg SE i?) p’ dl’ = OF Re 
os Oe’ e’ dl 9 
(m=s, n=c, K=—1 WH M=C, n=S, diay 


4° 54 


rye 


A : , cos 6’ Ow ney Op ) ryt 
[ (zoe sin 0 Tae 5) Boo — fain Denon |e'ae’, 


x \ two cos 8’Eomp’dl’ (m=s umm m=c), 


jeom eae ay es ee a E, “) lhe dl’ 


Ss n=c, h=—l wa m=c, t—s, Ke 


Besge p=0, Tv. e. r= Vp? + (z—2, 1<z<h, 1 u 1,—snauennag 
‘Ha KOHIWaxX aHTeHHbl. 


JIA MJIOTHOCTH TOKAa nes KoTopoe, Tak Kak Ab-+k*)>=0, MomKHO 3aMHcaTE 
B Bue 


% 2 : 2 ’ , ov) , 
\ [cos 0 sin 0 (SS ! ry Cime = =| i ie dl’ +. toe oe E09 ‘al =@ 
ais 1s (12) 


Ypapueuna (11), (12) npu €, = 0 cranoparca ypaBHeHHAMM [JIA UfeambHO 
MpoBoyauieH avTeHHsl, (12) pH 9sTOM NepexoquT B ypaBHeHHe AvpGepra ¥ 
CunaxKa (°). B cayuae Manbix €, 3ayaua (kaK HW B Culyyae ypaBHeHuit Bropord 
pofla) CBOAUTCA K pellieHHIo ypaBHeHuli mpu €, = 0. 

Tak Kak Apa ypaBHeHHi He 3aBHCAIT OT yrvla @ HW CHCTeMa ypaBHeHuH cbakTH 
yeCKH pacMaJlacb Ha OTJCJIbHbIC ypaBHeHHA, OObCM cC¥ueTHOH paOoTbI npu pelle 
(Hun (11), (12) OygqeT npuMepHo Ha MOpsAOK MeHbIUe, YEM IPH PeLICHHH COOTBET 
CTBYIOUIMX yYpaBHeHHH BToporo poya. J\Ia TOHKMX aHTeHH pellieHHe ypaBHeHH 
(11), (12) MoxHo nowyuMTb MpHOuMxKeHHbIM-MeTOLOM, aHaJIOrH4HO TOMY, Kal 
3TO CJeaHO B padoTax (°, *). IIpu arom u3 (12) merKo nomyuaroTca pesyiibia 
Musnepa (’) Id TOHKOH aHTeHHbl C HMMeaHCHOM MOBepXHOCTHbIO. 

Bompoc 0 €(HHCTBeEHHOCTH PeWICHHA YypaBHeHuli at), (12) anecb He pae 
\CMaTpHBaeTcs. 

B 3akJOUeHHe aBTOP BbIpaxaeT OularoapHOCTb CBOeMy Hay4HOMY pyKont 
-muremo A. A. Camapcxomy nu E. H. Bacuabesy 3a paq WeHHbIX 3aMeuaHHl 


Mockosckuii rocyqapcTBeHHblli yHHBepcuTeT Tocrynusto 
um., M. B. Jlomouocosa 9 I 1959 


UWHMTHPOBAHHAA JIHTEPATYPA 


SMG ry Nes (G7 Pertro4, Teopust SlexTpomaruerusma, 1948. * B. A. Dox, KOSTA 

15, B. 12 (1945). SMAeAg JLeoHTOBHY, M. A. Jlepuy, KT, 14, 8. 9, 481 (1944 
*E. Hallen, Nova Acta (Uppsala), ser. IV, 11, Ne 419388). *® E. H. Bacuase 
Hays. 0K. Buicu, ukomst, Paqworexnuka alekTponHka, 1, Ne 1, 188 (1958 
SGiE. Aliber tJ. o. vodimg eo. Onarmiee a ppl. Math., 6, M2, 117 (1948 
7M. A. Musaaep, 5KTO, 24, Ne 8, 1483 (1954). | | 


02 


Horuayp Akagemun nayxr CCCP 
1959. Tom 126, N41 


| PH3BHKA 
Axayemuk H. H. BOFOJIOBOB » C. B. TABJIMK OB 


 SATIA3{bIBAFOINHE W ONEPE)KAFOLIME ®YHKUMM FPHHA 
B CTATHCTHUECKON ®H3NKE 


B Hactosljeli crarbe Mbl HaMeTHM MpHOuMKeHHBI cnoco6 pewieHua 3amay 
ATHCTHYeCKOM PH3NKH, OCHOBaHHBIM Ha pacCMOTPeHHU JBYXBPCMCHHBIX 3a~ 
ISIBIBAIOUAX WM ONepexKatoulux dyHKuni Ppuua. Cymecrsenupim cbaKTropom 
OM STOM OyJeT HCNOML3SOBAHHE CNEKTPaJIbHbIX MpeycraBlenuli Tuna Jlemana —+ 
enena (', *). Cueqyer 3aMeTuTb, 4TO cneKTpasIbuble IpescTaBsIeHHA TakOro: 
Mla YKe BBOJMJIMCb MH MPHMeHAJIMCh pAOM aBToposB, a umeHHO B. JI. Bouu- 
pyepuuem (°*), JI. JI. JIlaumay (*), JI. 1. Poppxospim (*), I. M. Koranom (°)*, 
apTHHom u L[l[BuuHrepom (’). 

_ Moe OyyemM uMeTb Jeno c dyHKuuamu Tpuna suya 


(G, (t —t’) = <(A(d), Bit’), = 9 —t') (AM; BED; 


Ga(t— 1’) = A(d), BI’) a= —O(' — 1) (A); BEY), | 


C= QSp (ole) FQ -SperTh*); (2) 


mHYeM ycpefHeHHe BefeTCA MO 6obUIOMy aHcaMOulI0, Tak TO ff BKIMOWAeT 
ce6a ueH— AN (kh — xumunueckHh noTeHtvan, a N— uvcao yacTul). Sfecb 
(t), B(t)—oneparopp! B npeycTraBienuu TalisenOepra, sABMAIOUMecH Mmpo- 
3BeJICHHAMH KBAHTOBAaHHBIX TOJIeEBbIX (PYHKIMH. 

He mpeycrapsser Tpyfqa Momyuenve 3allelisioulelica WelouKM ypaBHeHuli 
Ia HalMx dbyHKunh Tpuna. Jia storo mpoguddepenupyem ux Mo ¢; Mo- 
YM 


ZA > = hd Ae BOD eed Be 
ap <A(4):; Bi(t')>) =i (i= ed) Gl (t); ( Eat dt ’ ( )>y ) 


Bpipaxkenve Waa i oe cocraBseTca u3 ypaBHeHHH jBMxKeHuA. Kak 
(HO, MbI MOMYYMIH 30eCb OMNATh MPOMSBeAeHHA MOMeBLIX PYHKIUMH, TONbKO,’ 
due TOBOPA, B OOJIbWIeEM UNC. ‘ 
CuelyeT OTMETHTb, UTO MOMyUAaIOMaACA Wemouka ypaBHEHUU He TOJIbKO O2M~ 
1KOBA WIA ZanasipIBarouMX HM ONepexkaromnx PyHKiui puna, HO uTO Ona Oy- 
T TaKOM %Ke w WIA CyHKuMH | puna WBMHIepOBCKOrO THMa 


Glad i AEB E Wig. (4) 


T-T1pousBeleHHAMM. Tem He Menee 3ana3qbiBarollve HM Onepexkatoliue PyHK- 
1M HMCIOT Tepe WBHHTepOBCKHMU (PyHKUMAMH TO CYULCCTBCHHOe MpeHMylile- 


BO, UTO OHH MOLYyT ObITb NpOJOJI2KeHbI B KOMIJICKCHY!O IIJIOCKOCTB. 
* Aproppl mpusHatembun LJ. M. Korany, O3HaKOMUBINeMy HX C pykomucbio cBoen 


OoTEI WO ee ONyOHKOBAHHA. 
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PaccmMoTpiM, JlelicTBHTebHO, (cbypbe-oOpasbl 


Cie \ S; (E) e-## (0 dE; 
S (eee \ G,(t)etdt (j =a, r). 


Tak Kak 


G-(t)=0 jon bo, (6) 
Gilt) =0 So dite a0, 


TO OTcloJla CulemyeT, UTO MpH OObuHBIX JoMyuleHHax S,(£) MoxeT ObITb Mpo- 
WouKeHa B BepXHIOIO NOuynMmocKocTb, a Sq(£)—B HuxKHIOW. B 3THx Nody- 
MIJIOCKOCTAX OHH SBJIAIOTCH (BHE BeLCCTBEHHOM OCH) peryJIAPHbIMH aHaJIMTH- 
yecKHMH (pyHkuMamu. Jina Toro uTOObl CBASaTb MexKAy co6oh dpynKunu S,, Sa, 
MOBTOpUM, Kak Bcerya B TaKHX CJlydaAX, OObIHbIe paccyKeHHA, IpHMeHse- 
Mble lIpH BbIBome (§) Tepempl JiemaHa — Uesena. Ilonyuum 


<A (t) B(t’)) = \ I (0) e2I9 eta (tt doy; 
at (7 
<B(t') A(t) = \ I (w) e-% (+t) da, 


rye 
I(#) = Q* >) (C1, A(0)C,) (Ci, B(0)C,)e“#" 3(E, — Ey— 0). (8) 

(y, ) 
Saecb C,—nouHad cucTeMa cOoOcTBeHHbIX (byHKWMH onepatopa #; E,—ero 


coOcTBeHHble 3HaueHua. Orciofa, B cuuy (1) um (5), HaliqeM IA BelllecTBeH- 
HbIix E 


i C a dw 
Se gs.) ieee LO Niece ewe (9) 
3aecb y= 1 AA KoMMyTaTopa H 7= —1 AAA aHTHKOMMytaTopa. IlosTomy 
B KOMIIJI€KCHOH MJIOCKOCTH 
, © : S, (2) ee lone 0 
ee (OyEes oe dw | * 
ai J ( AAO eas 921 eye Si ao) ae 


Bpuyy CcKa3saHHoro S, (E£) MOxKeM paCCMaTpuBaTb Kak eMMHYWO abamNTHUe- 


a — 
cky!l0 (pyHKWHIO*, HMeIONLYIO OCOOeHHOCTH Ha BeULCCTBEHHOH OCH (MOJIOCHI, JH- 
HUH paspesa). Ilostomy MbI B JabHeHieM MHeKc j =r, a OyyeM ONycKaTb, 
MOCKOJIbKY 9TO He IIpHBeyeT K HEMOpasyMeHHIO. 
Mb Moxem Tenlepb cbopMysIMpoBaTb crenyioulMi mpuem. CoctaBmsetca wWe- 
mOuUKa ypaBHeHHH WIA Hallux PyHKuuk [ puna. SaTem c MOMOUIbIO Kakoro-1H60 
* U3 hopmyast (10) MoxkHo NomyyuTh TakxKe CeKTPpatbHOe MpenctaBmenue AAA yHK- 


mui IUBHHTEpOBCKOrO THIIa, PaHee BbIBOAHBINeCeCA B pa6otax, YINOMHHaBIIHXCAH B Hauvase 
‘cTaTbH. Mmeem ua BelLeCTBCHHOH OCH 


or) 
i 4 ies =, 
Siw (E) = 52 | (e°/ — 9) I (w) Pop aes (Eo) | do 
—oo 


Orcioqa, B YACTHOCTH, CAeAyeT, YTO Takad PyHKUMA, BOOGMe ToBOpsA, He MOxKeT 6HITb pac- 
uiMpeHa Ha KOWMIeKCcHyto MocKocTb. MmMeHuo B cHy 9STOrO OOcTOATeMbCTBA MBI H mpeq- 
MOYHTAeM HMCTb Jeo C 3aMa3KbIBaIONLAVA HM ONepexaiouluMA dyHKuuitmu Tpuna. 
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MOMM2KeHHA BTA OecKOHeUHaA WenouKa 3alleMJIAIOULMXCA ypaBHeHHl «pactiie- 
AeTCA» HW MpeBpalliaercA B KOHeYHYyIO cHcTemy. Pasymeetcs, Takoe mpu6sn- 
HH€ JOJ2KHO BbIOHPaTbCA BeECbMa MHANBUYAbHO, CMOTPA 110 XapakTepy 3a- 
MH, H MbI He MOXKEM MOKa MpeMO%KUTb KaKOFO-JIHOO MpHeMa, MpereHyrouyjero 


| OOULy!o IpHMeHuMocTb. OnpegenuB S(E), crpoum dynKuuto I(o) 10 coorHo- 
HHO *: 
—-A 


S(o + is) — S (oie) =e — 9) 1 (0), a ral 
Ryle vero MOKeEM YyxKe HaHTH BbIPAaXKeHHA WIA OObIUHbIX IpousBesqenuh 
(BUM) A(t) = \ T(w)e—) do, (12) 
ox 


TloquepkHeM, 4YTO HMCHHO TakHe MpousBeleHua uHTepecHbl Aa usnue- 
DTO PpaCCMOTPeHHA, MOCKOJIbKY OHH MpeAcTaBAAOT KOppesAWHOHHbIC (pyHK- 
M. B HHX MOKHO MONOaKUTD t’ = fu NOYyYNTb CTaTHCTMYUeCKHe CpeqHHe 3Ha- 
dua. PaBHbIM OOpa3som pn ?f’ =£ ¢ oH JaloT BpeMeHHbIe KOppeNAUHU, y106- 
@ Mp UCcCeqOBaHHH HeCTalHOHAapHbIX mpoweccos. 

B sto cBxA3M culeqyeT nowuepKHYTb, YTO u HawH d@yHKunU puna u WBHH- 
JOBCKHE HeyOOHbI AVIA Hemocpeg_cTBeHHOrO ucnomb30BaHHA Mipu ¢’ = ¢ H3-3a 
IHUMA Pa3PbIBOB. 

IIpousuocrpupyem 9TH O6mHe coobpaxeHua HeKOTOpbIMA MpHMepamn. 
KayeCTBe Me€pBOrO MpHMepa paccMOTpHM rali3zeHGe proBcKy10 MOJeIb ep pomar- 
ka. SanMuiem JJIA Hee raMHJIbTOHHaH B BHe 


4 = (QuH + 27) Sop bo > 21 (p1 — pr) bp, Op; ra 21 (Pi — Pz) Mp, Np, 
(T= 1 (0); (0) =0), (13) 


(p) 
5* — onepatops Tlayau. Beegem’ d@ynxuuu puna 


Gey (t —t') = CCbg(t), OF (E> (N= 1); 
n 


; 14 
Ggigaf (¢ ag “y= (<ng, (t) bg, (t), bf (t >3 — <Ng>; ( ) 
1IOUKa ypaBHennit AJA HUX UMeeCT BU 
6 ee a 
i =i (1 — Qn) 8(¢ 2’) bg, + [24H + 21) Ger — 
— SY 21 (g — p) Gop + S41 (g — P) {Gent — Goat} «+ - (15) 


O6opsem 9Ty wenouky. B pe3yibTaTe NosyyHM : 
at (E) = \ Sy (E) ete dg? S,(E) = ge (1 — 2) ae (EE). 8 (16) 
10a 

Cop (1) Be Ey = \erteh mee OO Ty dag 


; (17) 
. Uv 1—2n ., :: ener aa EAC AY 
“=oy ge} B= elelsing APA 2n)I (p)(1—e (Pa) 
larad sfecb g =f, ¢t’;='t, MomyyaeM ypaBHeHuA AA ONpemeeHHA n 
n bea dq) 18 
ng oar 18) 


- BHHO, B JaHHOM MpHO/IM2%KeHHA MbI MpHXOWUM K OObINHOMY Ip HOIH2KeHHIO 
)HM CMHHOBbIX BOJIH C HEKOTOPbIMH MOMpaBKaMH B HEH. 
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Viurepecuo oTMeTHTb, YTO B PacCMaTPHBaeMOM MepBOM MpHOsIM2KeHHH SAE 
YMeeT Ha BeILeCTBCHHOM OCH JIMLIb MOC, H MOTOMY, Ka3aJIOCb Obl, MOXKHO 
OrpaHHYUTbCA BOOOUIe paCCMOTPeHHEeM TOKO Ha Heli. OAHAaKO y2Ke B CJeLyI0: 
UCM TIpHOJIM2KeHHH MOXKHO 3aMeTHTb, YTO B CBA3H C MPOABJICHHEM HEIPepbIB 
HOFO CieKTpa BMECTO MO/IOCa MOABHTCA JMHAA paspesa. CoBepllleHHO aHaJOrM4- 
Had CcuTyallua GyeT UMeTb MECTO HM B TPaKTOBKE BOMPOCOB CBepXIPOBOJHMO- 
CTH, cBepxtTekyyecTu u T. 1. UTo6b! acHee pecTaBUTb cee BOSHUKalollee TOrAa 
MOJIOXKeHHe, PAaCCMOTPHM BOMpoc O B3aHMOeHCTBHM 3JIEKTPOHOB C POHOHAMH 
B MOJG@JIbHOM NpuGOJIMKeHHH, MPHMHUMMHabHO MCKIHOUAIONeEM S@eKTHI CBepXx- 
IIpPOBOLUMOCTH. 

Pacmorpum o6piuHbili ramusibToHuaH Ppemnxa, BBefem PyHKuMA Tpuna 


G;(t— 8 = (Kaz (t), AF (E)DS prop = Cap (t) OF (t), af (>; 


P yap ="<aPr(E) bg (Ft), GE)» oe 
MW COCTaBYM Jf HUX Wenouky ypaBHeHH. PacienuM ypaBHeHuaA An Gyg 
u [gp 9JIeMCHTAPHbIM MpHeMOM,. KOTOpbIi JWIX HeTeMMepaTypHEIX CyHKUAE 
[puna cooTBeTcTByer yfepKaHHlo JIMUb TlaBHOro uleHa MOpAyKa g” B Mac- 
COBOM OllepaTope H NOTOMy MpHHIWMHasbHO He YUYHTbIBaeT o*PdeKTOB TuMé 
cBepxmpoposuMocTu. B TakKoH MoJemH NOJyaHM Ha KOMIIJIEKCHOM MOCKOCTH 


2 Se OI SOR or gs 
iG PO) 2 oy E—T(q+p)+(9) 
Ve@MeMyg@+ti—n(e—qy ae z 1 ; 
Se ALE ELC e le Cle 


Orciona Ha ocHoBaHuu (11) NomyuHM AA CheKTpaibHOH MWHTeHCHBHOCT 
BxoyameH B Copmyuly 


(19 


Kat (t") a; (t)y = | Ip(w)e-* dod(e— a") (F=(p,9)) (21) 
cmefyromlee BbIpaKeHHe tng Peymouya» (°): 
oC) 4 
if — Pp \ 
AO) eo rae F, (wo)? + m5 (0) 1+ e2 PE” C4 
rye 
Bl gi ot v(q) +n(9 + P) v(9) + 1—n(p—4q) 7 
F pee ek 2 AG) NG A eee ee 
BOS 5 aR |e (@) w (tcc ca a ae 


ip (0) = ahs \o2(a) (a) 19g) +2 + PB(—T +p) +0) + 
+ (v(q) + 1 —n(p — q))8 (@ —T (p —q) — (q))} dq; (28 


BeIM4HHa hp(@) HMeeT CMBICJI 3aTyXaHua. 

Takoro xe pojla BbIpPaxkeHuA OyAyT Nosyyatees Bcerfa, Kora UCroMD3ye 
Moe TIpHOM2KeHHe YUNTHIBAeT HaM4uHe HelpepbIBHOrO CieKTpa, B YaCTHOCTH 
WM B TeOPHAX CBePXIPOBOAMMOCTH WM CBepxXTekyyecTH. 7 


MaremaTuyecknit uucTuTyT uM. B. A. Crekaosa Iloctynuso 
Akayemuu HayK CCCP 19 II 1959 


UMTMPOBAHHAA JIMTEPATYPA 


j Te 
(1958). ° Il. M. Koraa, JAH, 126, 3 (1959). 7 P.C. Martin, J. Schwi r, 
Bull. Am. Phys. Soc., 3, 202 (1958). °°. H. Berea woGu, plBtml (ae am 
M. Tlomuspanos, Bonpocbl TeopuH ucnepcMoHHbIx cooTHouenui, M., 1958. 
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Aoknagan AKkagemun Hayk CCCP 
1959. Tom 126, Ne 4 


PH3SHKA 


H. HW. KAJIMTEEBCKHH u M. W. YAMKA 


CHEKTPOCKONMYECKOE ONPEQEJIEHHE CNWHA APA Lut76 
(ITpedcmaeaeno axademukom A. A, Jle6edecum 22 I 1959) 


Coun sgpa Lu’’® onpegersica m0 OTHOCHTeIbHOM HHTeCHCHBHOCTH KOMNOHeHT 
‘BEPXTOHKOM CTpyKTypbl (c. T. c.) unum Lu 11 16463 A (?P, —%D,), cxema 
| ae KOTOPOH MmpeycTaBJieHa Ha puc. 1. B 3aBHCHMOCTH OT BeEHUHHbI COMHa 
ipa Lu’’® orHomenue HHTeEHCHBHOCTeM AByXx Kpalinux KOMNOHeHT (c/a) JOuDKHO 
IPHHUMaTb 3HaveHHA, NpHBeseHHbie HuxKe. IIpopesenuio TOUHBIX ONTHYeCKHX 
i3MepeHHH MelIalOT KOMMOHEHTHI C. T. C. 
u’*®, HO BBIGOpOM NO_Xoxauel mocroaH- 
10H uHTepdepometpa WPadpu —Ilepo 
MOXKHO COBMECTHTb Tp KOMMOHeHTH! Lul?® 
i CpeqHrorIo KOMMOHeHTY Lu?’®. Oro yocTu- 

‘aeTCA MPH paccTOAHUH M@KAY OTparkKato- 

MMH MOBepXHOCTAMH wuHTepdepomerpa 

= 18,5 mm (3). 

H3mepenua mpouspoquaucb Ha (orTo- le 
GaAs 


JIEKTPHYECKOM CIIeKTPOMeTpe C HHTEepmpe- 
omeTpom Madpu—lIlepo. Cnexrtp stoTenus 
030yxKMaicd B Yra30pa3paqHOH TpyOKe 
- MOJIBIM KaTOJOM, OXJIaxKMaCMbIM 2KUA- Pye. 1. Cxemac. tT. c. auHuM Lu 1l A 
‘UM BO3YXOM, B KOTOpy10 OblIo 3ao- 6463A, A, B, C — xommonentul c. T. c. 
KeHO okoIO 2 mr Lu,Os3, oOoramjenHot Lu’; a, b,c—KkommoneHTbI Cc. T. C. 


0 176 Lu1l’6, Buicora JIMHHM Ha CXEMe COOTBET- 
Be PEO AO 30% usoronom = Lut. CTBY€T OTHOCHTCILHBIM HMHTCHCHBHOCTAM 


[Id yCTpaHeHHA BOSMO?KHBIXCHCTEMATHYC- — xounonenT MpH H3OTOHOM cocTaBe 06- 
KHX OWMOOK B- oOMnpeseseHHH OTHOCH- pasua: 30% Lut’ yw 70% Lut? 
€JIbHOH WHTCHCHBHOCTH  MUCCJIe,yeMbIx 
commoHeut c. T. c. Lu!?° w koppekTHoro yyeTa doHa, CO3qaBaeMOro HHTCHCHB- 
bIMH KOMMOHeHTamu Lu?’®, B TeX 2e YCJIOBHAX 3aNMCbIBaaCbh CBEPXTOHKaAd 
TpyKTypa swuHuu Lu2?®, 3arem u3 KpuBoli 3anucu c. T. c. Lut’, yepeqHeHHon 
o 5 mopayKam unrepdepenuuu, BbTYHTaJlacb KpHBad uHTedcuBHocTH Lu ? 
43 MOMYYeHHOM KpuBOH (puc. 2) ONpesesANOCb OTHOMICHHe HHTCHCHBHOCTeH 
ommouent (c/a) Lu!’’, Tlocae BBeqeHud MONpaBKH Ha MepeOxwKeHHe KOHTYPOB 
3M€PACMBIX KOMMOHEHT ObIIO NOJyYeHO OTHOLMICHHE cla = 1,31-40,03 . 
BpmncieHua fas CJIeLyIOllyio 3aBMCHMOCTb BeJIMYHHbI OTHOMCHHA cla 
HTCHCUBHOCTEli KOMMOHeHT c. T. c. WuHMH Lu 11 A 6463A or sHayeHuaA / cnuHa 


pa Lu276 


fea cmt 19? 


I 5 6 7 8 
c/a ppiuucnero 1,444 1,364 1,308 1,267 


Vismepennoe orHouenue unTencuBuoctu KommoneHt c/a = 1,314-0,03 Xo- 
oo corsacyetca c 3HayeHHeM cnuHa | = 7. Tlowty4eHHbIN pesyJIbTaT XOPOLIO 
yryiacyeres C MpesosOKeHUAMH, OCHOBAHHBIMM Ha MpHMeHeHH CxeMbI HHvIb- 
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cona (2, 3), cormacHo KoTOpow HawOolee BeposTHO 3HaueHHe J = 7. BanxKali- 


mime BO3MOxKHbIe 3HaueHHA J = 6 u J = 8 HaxOMATCA 3a NpesesaMu MOrpel- 
HOCTH HalllMX H3MepeHHH, B TO BPeMA Kak 
Illreigenb (4), eTaibHO HCCeqOBaBLUHH ~ 


HeECKOJIbKO CIICKTPaJIbHbIx JIMHHH JIKOTeELUA 


yul 3HaueHHe J] = 6-+1 wu cuNTaeT 3Ha4e- 
Hue J = 6 HanOosee BePOATHBIM. 


3-34 Masloro KkOJIMYeCcTBa OOorallleHHOrO 
ipenapata, Oblwla UCMNOb30BaHa JIMUIb OfHa 
cmekTpadibHan muHHa Lu 11 A 6463 A. IIo- 


WeHHOFO OOpa3lla: JUOTELUA MPH TOMMWHHeE HHTepdepo- 
metpa ¢= 18,5 Mm 


STOMY JWI OKOHYATEJIbHOrO MCKIIOVeHHA 3HaveHHH cnuHa J =47 xKeaTeJb- 
HO MpoBeyeHnue w3MepeHHH Ha JpyruxX JMHHAX CMeKTpa JIOTEIHA. 

ABTOpbI BbIpaxkalor OularogqapHocrb C. 9. Mpuuty u JI. K. Mexepy 3a 06- 
CyKJeCHHe pe3yJbTaTOB, a TakxKe B. C. Somorapesy 3a mpegsoctaBsenue o6ora- 
ueHHOrO npenapata moTeuua u T. K. Epemuuy 3a mpemocTaBieHHe 4HCTHIX 
pellapaToB JIOTeWMA eECTECTBEHHOFO H3OTONHOFO COCTaBa. 


JlennurpaycKHH rocyapcTBeHHBIHf ly HHBepCcHTeT Tloeryn aso 
um. A. A. )KnaHoBa 13 I 1959 


WHMTHPOBAHHAA JIMTEPATYPA 


| 


4 


€CTECTBCHHOrO H30TONHOTO COCTaBa, MIMOJLY- — 


Jima mpopeyqeHua Hallux W3MepeHHi, 


poe T al Puc. 2. OOpa3en 3anucn c. T. Cc. JHHHH 6463A o6ora- — 


1H. Schiler, H. Gollnow, Zs. f, Phys., 113,.1 (1939). 7 Jl. K. Itexe pam 


Viss. AH CCCP, cep. cus., 21, 1029 (1957). *®C. Gallagher, S. Moszkowski, 
Phys. Rev., 111, 1282 (1958). 4A. Steudel, Zs. f. Phys., 152, 599 (1958). 
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Aokxane Akayemuu nayx CCCP 
1959. Tom 126, N 1 


TEO@H3HKA 


JI. C. FAH]HH u P.. 9. COJOBEHUHK 


BJIAAHHE TOPH30HTAJIBHOrO NEPEMELWMBAHHA 
B HAIMIPABJIEHHH BETPA HA HCHAPEHHE C OFPAHHUEHHBIX 
BOJOEMOB 


| ([Tpedcmasaer® axademuxom B. B. Mlyaetixunem 19 I] 1959) 


_B pa6ore (*) Obiu1o WaHo pemieHve 3aya4M O pacnpeyeneHuu Bo_AHOrO Mapa 
Wl UCNapsAIOWeH MOBepXHOCTbIO pH yyeTe nepeHoca BOAAHOFO Mapa BeTPOM H 
‘pOyleHTHOrO NMepeMelIMBaHHA Kak NO BepTHKaJIM, Tak H MO FopH30HTasH. 
MOMOL{bIO STOO PellI€CHHA MOXHO BHIYHCIATb KOHICHTPallMio BOAAHOrO Mapa 
WA MCMapsArlolleH MOBEpXHOCTHIO, OHAKO OHO HEMPHTOAHO AIA HemocpesCcTBeH- 
TO BLIYMCJICHHA HCMapeHHA, KOTOpOe HanSosee HHTepecHO c MpakTHYeCKOli 
aku 3peHua. [IpwunHon sToro ABJAeTCA HalM4uHe OCOOCHHOCTH y pelIeHHA Ha 
MOH MCIapsioueH MOBepXHOCTH. 
—Omuako Bbipakenue VIA HCMapeHHA yaeTCA NOYYATb, HCNOMb3yA BMeCTe 
MOJLyYYeHHBIM pelieHHeM TakxKe HM HCXOHOe ypaBHeHue. IIpu 9TOM MbI Orpa- 
['YHMCH PaCCMOTPeHHeM, HapsaAy C MepeHOcOM BOAAHOrO Napa BeTPOM H Nepe- 
IMMBaHHeM MO BepTHKAaJIH, JIMIb TOPH3OHTAJIbHOTO NepeMelIHBaHHA B HalpaB- 
‘HHH BJOJIb BeTpa. OWHOBpeMeHHBIN yueT ropH30HTaJIbHOro NepeMelMBaHHA B 
TpaBJIeHHH, MOMepeyHOM BeTPY, BbISbIBAeT MATeMATHUeCKHE TPyAHOCTH, OLHAa- 
), MOCKOJIbKY H3BECTHO, TO y4eT TOUbKO OMepeyHoro NepeMellIMBaHHA 
ABOLUT JIMIIb K MOABJICHHIO B POPMY.e 1A HCMapeCHHA HEKOTOPOTO MHOKUTEIA, 
MOXKHO MOJYYTh MpHOMMKeHHYIO OWCHKY COBMECTHOFO BJIMAHHA MpOOJb- 
ro H oMmepeyHoro MepeMelUMBaHHA BBeECHHeEM 9TOTO MHOXKUTEIA B TaHHble 
UKE COpMYVIbI. 

PacnpelemeHve KOHILCHTPalluH BOAAHOFO Mapa, COracHO CKa3aHHOMY BBILIEe, 
eTCA PelIeHHeM 3aaun Ooslee YaCTHOH, HexkeM PpaccMOTpeHHas B paoore (?), 
HMCHHO peleHHeM ypaBHeHHA 


0g 02g (a) 0g 
uy be 5 + Ge (bear) o 
MM TpaHHYHOM YCJIOBHU 
q\z=0 = F(X) (2) 


YCIOBMM orpaHHyeHHocTH Ha GecKOHewHocTH. Syecb q — KOHIeHTpallus BO- 
HOrO Mapa; “—cKopocTb BeTpa; ky — KosppuHeHT TOpH3OHTasbHOrO 06- 
Ha; k, — KoxppHiveHT BepTHKa/IbHOrO OOMeHa, *% — TOPpH30HTaJIbHad KOOp- 
HaTa, HallpapsieHHaA Mo BeTpy; 2— BepTHKaJIbHad KOOPAMHaTa, OTCUMTHI- 
emaa OT MoscTuuatolleli nopepxHocTu; f (x) —3aaHHad KOHIeHTpallHaA Ha 
NapsrouleH MOBepXHOCTH. 

Kak 4 pauee (1), IpHMem: 

w= ue"; Ry = hy 25 kz =Ry2". 


Pemenne 3Tol 3amauu MoxKeT ObITb 3allHcaHO B BUTE 


pee peat ki oY ee meee 
g@, )= AP" | 9 @e* 4a ara (3) 


on 
Ko) 


rye 
ae 


H u2 2-+-m—n 
— uy ; il ‘ — ths ‘ 
Vee = [eet hy by | 2; p(x) = 7 (x); 
m+n 
4+ m— 3n A 92 (2+-m—n) 
PD. aan 7s yan ae : 
sy pais 


Jina ronyyenusa cdbopmysHt Jaa ucnapesua E = ye = tT HCHOJIb3yeM, 


Hapay c pelennem (3), Tak»xke H wcxoqHoe ypaBHeHue ('). MmeHHo, BBeeM 
(PyHKWHIO, OMNCHIBaIOLLy!O HHTerpaJbHbI MO BbICOTe Meper oC BETPOM BOAAHOTO 


Tapa 
co 


¥@) = Eek 2" q(x (4) 


JerKO BbIUHCIAeMyIO Ha OCHOBaHHH (3), u mojayuum u3 (1) cooTHoleHHe, 
CBASbIBalOllee STY CPYHKIMIO C HCMapeHHeM: : 


EB DY WA (5), 
rye 
pecizaibees 
-|- +m—n)k,, =r" E 
oo 


re bi git Od 
fee 5 os 


dz Is 


uy 21 


Ypapuenue (5) sBAaeTCH ypaBHeHveM BOjHOrOo OamaHca BepTHKaJbHOrO 
cToj6a Bosfqyxa. Moyennpya ycnosua OrpaHHyeHHOrO BOOeMa, MOJIOMKUM: 


~ {ao mpa |x| <, 
9 (x) = —) os 
0... Tipyi| xpd. 
Torga qua Benmunner E nonyuum dopmyuiy 
( ert? (1 — «)" "[ko(— 1 — 4) Pie ee le 
Sie Boss (he x)i-P [Rp (i — x) Kip (i — x) 
mpH —o<x*+< —I; 
is et + x)? hp (E+ x) + boll + XY + 
ee ae =| 4TH? thy @—H—hol—9] 
upa —l<x<l; 
ee aC + x)? [kp (E+ x) + hip (E+ x)] — 
< E(= leben eh kp(— I x) ot Ryp(—l+ x)] 
| mIpu 1 < x <GOOl, 


Hapsqy c soKasbHbIM ucmapeHvem E£ OOJIbIION npakTHyecKkult HHTepec 
TIpefcTaBsIneT CyMMapHoe HcliapeHve &, T. €. UCMapeHue Co BCeH MOBepXHOcTH 
BOJoeMa: 


(6) 


1 
-- mi ce 2 
e= | Edx= map [Cor ny? Ry fale err n vx. a Ago x 


; 


oxi wh | 
x (oem (S1)2-? [yp (21) sh 20 + Rap (2) ch 24] — 
- 2+ m—n) (1 —n) | 
= (2-4 m—n) (21)? hyp (2D) ch 2+ SEA AT (1 — ph. (8) 
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He ocravaBuJlMBasicb Ha BOompoce Oo koJM¥eCTBeHHLIX pacuetax ucnapeHua 
cbopmyviam (7) u (8), cqenaem Hekoropple 3aKIO"eHUA KauecTBeHHOrTO Xa- 
akTepa. 
1. OObrmHO B 3aqayax 06 ucnapeHuu uO Tpanctbopmanun BOS/LYWIHbIX Macc 
KauyecTBe NepBoro, XoTA M rpyOoro NpuO.MxKeHUA MpHHUMaeTcA MOCTOAHCTBO 
osdpUuuMeHTOB OOMeHa HM CKOpocTH Berpa. B yaHHoli samaue Takoe jonyuenue 
aSbIBAeCTCA HEMPHeMJICMbIM, MOCKONbKY B STOM Cilyyae (m= n = 0) cymmap- 
oe ucnapenve OeckoHeyHo. HekoppekTuocrb pelenua npu m =n = 0 ecte- 
BeHHa, TaK KaK pa3pbIBHOe pacmpesedenue gq npu z = O (6) He Moxer HMeTb 
ecTa, ec KOodpPuUMeHT ropusoHTambHore OOMeHanpuH z =O ormuyeH oT 
YAH. QTO OOCTOATEIBCTBO CTABHT MIO], COMHCHHE BOSMOXKHOCTh HCHOb3OBaHHA 
OCTOAHHBIX KOSPPHUMEHTOB HM BAPYIMX POACTBeEHHbIX MeTeOPOMOrHUeCKUX 3a- 
auax. 
2, SHayeHua MapaMerpoB m H n B peaJIbHbIX aTMOC(epHEIX yCJIOBMAX, Kak 
'SBECTHO, 3aKJIIOYCHbIB MHTepBasle O << m, n<1, mpwuem m Onu3KO K HYJI, 
| n Ou3KO K equHnue. IIpu TakuX 3HayeHHAX MapaMeTpoB pacueTb! HCHapeHHA 
fo opmywiam (7) uw (8) BNOHe KOppexKTHBI. 
3. Houwyuennpie (OpMy.IbI MO3BOUIAIOT OLCHHUTb BAMAHHe TOpu30HTa/bHOrO 
fepeMelIMBaHHaA B HalipaBJIeHHM BeTpa Ha HCMapeHHe B 3aBHCHMOCTH OT pa3Me- 
pOB UcMapsxlojeh OOacTH u usHyeCKHX yCOBU Mpoecca ucnapenusa. MmMenxo, 
bbipaxkeHue JIA CyMMapHOro ucnapeHHA B calyyae MpeHeOpexKeHuA TOpu3oH- 
‘aJIbHBIM TePeMeCWIMBaHHeM H3BeECTHO H MMeeT BULL 


2(2 +m —n)2t-?) Uo io 
Eo = 


l 
=a ree Pz Jo LAP. (9) 


M3 dopmypt (8) BbITeKaeT, 4YTO aCHMMTOTHYeCKOe BbIPAKeHHe VIA ¢ IpH 


DovIbuIHxX / coBMayaeT Cc BbIParKeHHeM (9) Wa ey. DTO O3HayaeT, 4TO C yBeNHUe- 
HM€M Pa3MepOB HCiapsAIOWleH OO/aCTH BJIMAHHe TOPH3OHTaJIbHOrO MepeMeluMBa- 
HMA Ha WCNapeHHe yMeHbillaeTcs. 

4, HauOombumi unTrepec mpesctaBiiaer cilyualt CpaBHUTeJIbHO MaJIbIX pa3- 
MepoB ucnapsouenh oOmactu. Jia sToro cJly4ad BJIMAHMe FOPH30HTaJIbHOrO 


MepeMelUIMBaHHA Ha HCHapeHue BecbMa BeluKO. JlelcTBUTebHO, MpH MaJIbIXx L 
opmMywia (8) mpHHuMaerT BUI: 


B chiniegin) nl) oe) (#2 ps ale 4, 
iia Vanden D (peataycNey p21 Jo . (10) 


Orciojia cleqyeT, YTO BeJIMUMHa CYMMAapHOrO MCiapeHHA B 3TOM CJlyyae HE 3a- 
BUCH OT CKOPOCTH BeTpa. 

5. Conoctapnenue dopmys (9) u (10) noKaspiBaer, ¥TO IpeHeOpexenue ro- 
PH30HTAaJIbHbIM MepeMeLIMBaHHeM MpMBOZHT B CilyYae MasIbIX / He TOMbKO K He- 
TpaBUJIbHbIM KOJIMUCCTBCHHBIM pe3yJbTaTaM, HO Jjaxke H HeEMpaBMJIbHOMy MOpsAAKy 
yObiBaHusa CyMMapHOro ucnapeHua (MH pocTa yebHOrO uCcMapeHHa) C YMeHb- 
menue pasmMepos ucnapsioujeh oOmactu. JX KOJIM4YeCTBCHHBIX OMeHOK pac- 
CMOTPHM OTHOLIeHHE 


(11) 


| Neg p—*/> 
| Roms 3 — 2p ; _ ‘ 
& Van(1—p) 4p r+) a 


Tipu oOprMHEIxX MeTeOpomOrM4ecKUX YCOBHAX MOXHO MOMOKUTH Ry,/Uy = 

= 0,5 mM, p = 0,6; rorga cormacno dopmyste (11) mpu/ = 1,0; 0,5; 0,2 u 0,1 

POPH3OHTAJIbHOe TepeMeIUMBaHHe MPHBOLUT K YBeIHYCHHIO UCHapeHuA COOTBET- 

crseHHo Ha 70; 80; 100 u 120%. JIna Oonbumx 3HayeHHit / OWeHKH, NowJyuae- 
Mble m0 (opmywe (11), ecrecrBeHHO, HeHaj{exKHBI. 
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AcumnTorHyeckoe MmpeycTaBsleHHe CyMMapHOroO HCMapeHHA MOKa3sbIBaeT, UT 
MpeHeOpexkeHHe MPOOJIbHbIM M€PeMeLUMBaHHeM JIA UCHapuTeleH HamMerpo 
4—® M 3aHMxKaeT BeJIMUMHY CYMMapHOroO uCNapeHuA MO Kpalineli Mepe Ha 5%. 
B jelCTBHTCIbHOCTH 3aHW2KeHHe MCMapeHHA elle Oomee 3HAYHTEIbHO BCJIEs- 
CTBHE J€HCTBHA TOPH3OHTAJIbHOFO MepeMelUMBaHHA B HallpaBJeHHu, nepneHyu 
KYJIAPHOM BeTpy. 3 

B saks10ueHHe BbIpaxaem OularogapHocth A. M. )KypaBcKomy 3a IeHHBI 
COBETHI. 


Tlocrynuano 
9 V 1958 
UHTHPOBAHHAA JIMTEPATYPA 


IJ C. Tangun, P. 9. Conospetunk, JAH, 86, % ODED): 
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Hokaann Akanemun nayx CCCP 
1959. Tom 126, Ne 1 


_ TEOPU3HKA 


P. B. O3MHAOB 


MCCJIENOBAHWE CPEJHEMACIUTABHOrO FOPH30HTAJIbHOrO 
TYPBYJIEHTHOrO OBMEHA B OKEAHE MPH MOMOLIM 
AAMOJIOKALLMOHHbIX HABJIIOQEHMM HA MJIABAFOLWMMU,BYAMM 


([Tpedcmaeaexo axademuxom B. B, Wynetixunom 19 I 1959) 


SaKOHOMepHOCTH TOPH30HTaIbHOH TypOyseHTHOCTH B MOpe HCC/IeqOBaHEI 
2ocTtaTouHO. B wmuTeparype MOXKHO BCTPeETHTb CaMble pa3/IMUHbIe 3HayeHHA 
pspPuUWMeHTa TOPH3OHTa/IbHOrO TypOyJIeHTHOrO OOMeHa B MOpe, HayHHaA OT 
PaBHHTeJIbHO HeOOJIbIUHX BeMYHH B 10*—10°en. CGS u Bnuorb 20 rpomayHbIx 
Hayenui B104%—10" eq. CGS. Acuo, uto Takoli npou3Bos B BbIGOpe Kosdbuun- 
HTa TOPH3OHTaJIbHOrO OOMeHa 3aTPYAHAeCT ycneliHoe pelieHHe MpakTHUeCKH 
MOKHBIX 3ajlay O JM@Py3HH NATeH MOCTOPOHHHX IpHMeceli B MOpe, a TaK2Ke 3Ha- 
MTCJIbHO CHH2Ka€T BOSMOXKHOCTH MpaKTHYeCKOFO HCNOMb3OBaHHA BbIBOJOB TEO- 
HH MOPCKHX TeYeHHH. 

HekorTopax BO3MOXKHOCTh OPHeHTalHH B BbIOOpe 3HayeHHH KosdpuuNeHta 
DPH30HTaJIbHOrO OOMeHa OblWia BHeCeHa OTKPbITbIM PuHyuapycoHom (') u 
.. M. O6yxospim (?) «3aKOHOM 4/,», CorsiacHO KOTOpoMy KoadpHuMeHTE! Typ6y- 
©HTHOFO OOMeHA CYLeCTBEHHO 3aBHMCHT OT MacliTaOa ABJICHHA WH MponoplHo- 
AJIbHbI eMy B cTeneHH 4/3. OqHaKO «3aKOH 4/s» Obi Mowy4eH PuyapycoHOM No 
AHHbIM HaOJio,eHHli B aTMocdepe, a A. M. OOyxosbiM BbIBeeH TeOpeTHYeCKH 
A CAYYaA JOKaJIbHO-M30TPpONHOH TypOyseHTHOCTH. Bompoc xe O MpHMeHHMO- 
TH «3aKOHa 4/3» K ABJICHHIO TOPH3OHTAJIbHOrO TypOyJIeHTHOrO OOMeHa B MOpe 
cTaBaJica (HECMOTpA Ha paOoTbI B 9TOM HallpaBsleHHu Puyapscona u CTromMedia 
5.4)) B SHAYNMTeIbHOH CTeMeHH OTKPBITbIM. 

B 1955—1956 rr. Hamu ObluIH MpOBeeHbI 9KCNEPHMEHTAJbHBIe paOoTsl (°) 
O HCCleqOBaHHIO 3aKOHOMepHoctei MasomacuiTaOHoro (nopsyKa 10 M) ropu- 
OHTaJIbHOrO TypOy1eHTHOrO OOMeHa B Mope. PaOorbl NPOBOAMJMCb Ha Kacnui- 
KOM MOpe H B 9KCIepHMeHTaJIbHbIX OaccefiHax Kacnuiickol cranumu Mucru- 
yTa okeaHonornu AH CCCP. Onpirb! ocHoBbIBasIHCb Ha MpegviowKeHHOM Puyapy- 
OHOM 4 CTommesiom (*) MeToge ompefeieHua KOS@uUMeEHTa TOPH3OHTAJbHOrO 
OMeHa B MOpe NyTeM H3MepeHHA paccTOAHHH MexKLy THCKPeTHBIMH, CBOOOHO 
aBatoulMMH MO NOBepXHOCTH BOLI yacTHIaMH. EcJIm H3BeCTHO, YTO 3a BpeMa 
\¢ paccTOAHHe M@XKAY JBYMA JaHHbIMH YaCTHUaMH H3MeHHJOCb Ha Al, TO Kodh- 
HILMCHT TOPH3OHTabHOrO OOMeHa K MOXKHO onpeseIUTb NO dopmyse 

| 


_ (ai 
K = oar a) 


Tak Kak 3aKOHOMepHOCTH TYyPOyJICHTHOCTH HOCAT CTaTHCTHYCCKHH Xapak- 
ep, TO JIA MomyYeHHA JOCTOBepHBIX 3HayeHHH K HeOOXOAHMO MpOBecTH pad 
[aOJIOACHH H OCpeAHHTb MOJYYeHHbIe aHHbIe MO TpyllaM MOCTaTOuHO paBHo- 
JaJeHHbIX Map YacTHL. 

B pesyabrate pador 1955—1956 rr. yaslocb MOKa3aTb, 4TO KoadulueHT 
OPH30HTaJIbHOFO OOMeHa B MOPe ACHCTBUTEbHO CyUeCCTBCHHO 3aBHCHT OT MaC- 
11a6a aBjenua 1 (paccTosHuA Mex YaCTHIaMH) H JIA MeJIKHX (110 CpaBHeHHIO 
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C MacuITaG6OM ABJIeCHHA) BOMOeMOB C AOCTAaTOYHOM CTeMeHbIO TOMHOCTH OMMCbr 
BaeTca «3aKOHOM 4/3» 


K = cl'ls ; (2 


rye C —HeKoTOpad MOCTOAHHAaA, OM3Kax, COMIaCHO MOJIYYeHHBIM aHHDBIM, 
K 0,01 cm’/cex. 

OcHOBHBIM HeqocTaTKoM paOoT, MpoBexeHHBIX B 1955—1956 rr. ABMAJOCE 
TO, UTO OHH OFpaHHYMBaJIMCb OMbITAMH MO MasloMaciuTaOHoMy OOMeHy. Pacmpo 
CTpaHeHHe 2%Ke MOJYYeHHbIX Pe3sybTATOB Ha Goulee KPyMHOMaclITaOHble Mpo- 
eccbI ObIIO, KOHeYHO, HeqocTaTOUHO OGocHOBaHO. IlosToMy BO3HHKIa HeoOxo 
MMOCTb B MpoBeyqeHHu paOoT MO H3y4eHHIO 3a- 
KOHOMepHocTeli cpeqHemacuiTaOHoro (mopxAyKa 
1 KM) ropH30HTaJIbHOrO Typ6yseHTHOrO OOMeHa 
imope. Ilogo6ubre paOoTs! HM ObwIM BBbIMOJIHeHB 
ETuxom oKeaHe (32°30’ c. m., 159° B. 4.) 1 
TeyeHue 28-ro pelica SKCMeMMIMOHHOrO Cy]Ha 
«BUTASb». 

B xkauecrBe MvlaBalouluX YacTHI, ObwiM u 
MOJIbSOBaHbI MOJIbIe MeTaJlIMYecKHe. OyH pasMe 
pom 100 x40 cm, cHaOxkeHHbIe YrOJIKOBbIMH OT 
paxkaTeIMMH, KOTOPbI€e KpenuJIHCb Ha OaMOyKO- 
BbIX IWeCTaX BbICOTOH WO 3 M. SOTO aBaJIO BO3S- 

40 42 44 46 48 §0 §2 § MOXKHOCTb (UKCHPOBAaTh MONOAKCHHE HHIMKATO 

Ug 2 (cm) ——> pOB Ha MOBepXHOCTH OKeaHa pH MOMOLL!, 

ore Pe tae adenee uMelollerocd Ha «BuTxase» paqvoloKkaTopa THMeé 
Ta rOPH380HTaJIbHOrO TYPOyJeHTHO- «Henry H» Ha. AMCTanMM HO 5 MMWJIb. Ta : 
0 o6MeHa B MopeoTMacuita6a ap- OOeCHeyveHHA Oomee MOJHOrO yBMeYeHHA OyeB 
ACHUA MO aHHBIM OIbITOB 28-ro TIPHJI€raouluMu CJIOAMHM 2XUAKOCTH U WIA YMeCHb 
pelica i amis e Oo cyqHa eHHA JelHCTBHA Ha HAX BeTpa (CKOpOCTb KOTO= 
sped poro BO BpeMA ONbITOB He MpeBbiasta 5 M/cexK) 

_. kK 6yamM mpucoequHasca rpy3 B 70 kr, 4TO pu 

BOJMIO K MOUTH NOMHOMY UX 3arayGueHHtO. 

Bcero 3a BpeMa pelica ObvI0 mpoBegeHo 5 onbiToB (B nepnog c 17 no 24 VIII 
1958 r.)..B KaxJoM onbire BEIOpacbipamoch no 3 usu 4 Oys, Mocse uero cy THO 
JIOKUOCh B Apehth, H HaYHHAaMCh. paqMouOKalMOHHble HaGsIOLeHHA Hal ABU 
»KeHHeM OyeB, OuKcallua NOMORKeHHA OyeB Ha NOBEPXHOCTH OKeaHa MpOM3BO- 
AUNacb JOKATOPOM Yepes HHTepBaIbI. B 30—60 MHH., a MpOMOJKUTEIbHOCTh 
HaGJOMeCHUA Hak KaxKJoli cepueit Oyes KoNeOanach B upemenax 5—15 yac. 70 
MOMeHTa HX BbIXOJa H3 MOA BUuMOcTH WOKaTOpa. Ilo nowy4yeHHEIM neeHTaM 
Ha TJlaHlleTaX BbIYeCpYMBaJIMCb TPaeKTOPHH JBUXKeHUA OyeB, MoCJe Yero Cc Mav 
(1eTOB CHHMaJIMCb HCKOMBI€ H3MCHeCHHA paccTroAHHH Mexay Oyamu Al u panee 
mo opmywe (1) onpexetamch 3HaveHUA KOSPPUIMeHTa TOPHSOHTAAbHOrO TYp- 
Oy JIeCHTHOFO oOMeHa K. Beero B pesymbrate mposesaHHo paOorL! onpeeseHo. 
159 sHayenuli BerMunHE K. Orn sHauenua KoadbulluenTa FOpH3O0HTaJIbHOP 
TypOyeHTHOrO, OOMeHa OCpPeAHeHbI MQ: CJIELYIOUUM HHTepBasaM H3MeHeHU 
MacultaOa ABJeHH A 1; 200—400 m; 400—800 m; 800—1200 m; 1200—1800 
2000—3000 M. Takum -oOpa3som nomyyenpl 5 ocpeHeHHbIX sHaueHult Kos@dbu- 
IMe€HTa TOPH3OHTaIbHOrO TypOyJIeHTHOTO OOMeHa MH COOTBETCTBYIOUIMe UM OCpel- 
HeHHbIe MaClITaObl ABJICHHS: : 

: K, cm’/cex —89,0-10? —-246,7-402301,8-102 —-599,2-10? 526,38. 102 
l, M 306 086 950 1384 2353 


IIpuBeqeHuple B TAO TAaHHBIe WpecraBJieHbl B JOrapHcdpMM4ecKOM MaculTa 
6e Ha puc. |. Kak HetpyfHO BuxeTb, 3KCHePHMeHTAaJIbHbIe TOUKH OUCH ron ie 


JiowkaTca (3a UcKOVeHHeM TocieqHeh TOUKH, MomydeHHo OcpeqHeHHemM He 
OOMbLIOTO YMCA OTAebHBIX ONpeneteHna K nu nmosTomy MaJloQOcTOBep HOt) Ha 
“TIpsMble, CooTBeTCTBy!ouIMe «3aKOHYy 4/3». Kpome Toro, c Oosbuol TOuHOCTHO 
onpemeiseTcaA MOCTOAHHAaA C B «3aKkOHe 4/3». Ona OKasbiBaeTeA paBHoii 0,008 


10,002 -ewhjeexy~ ** 
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a pc. 2 HaHeCeHbl KaK JlaHHbIe OMMCbIBaeMBIX ONBITOB, TaK H JaHHbIe No 
OMaCLUTAOHOMYy TOpH3OHTaJIbHOMY OOMeHy, nouyueHHple B 1955 r. Okcnepu- 
TaJIbHble TOUKH XOPOWO YOBJeTBOpAWT OOULeli 3AaKOHOMepHOCTH «3aKO- 
/;». Takum OOpa3oM, «3aKOH 4/3» OKa3bIBaeTCH BePHbIM WIA TOPH3OHTaJIbHOrO 
YJICHTHOFO OOMEHA B MOPe B O4eHb LWIH- 
WX MpefewaxX M3MeHeHHA MacilTaba 
eHua 1, 

TKJIOHCHHA OT «3aKOHA 4/9», HalieH- 
+B 1955—1956 rr. npu u3syy4eHnu ro- 
OHTaIbHOrO OOMeHa B rsyOoKux (m0 
BHeEHMIO c /) BOMOeMaX,- B OMbITAX B 
He He OOHAPyxKeHbIl. Oro, BepoarTHo, 
ACHAeCTCA TEM, UTO B OKeaHe POUlb «Ha» 
aeT B HeKOTOPOM cCMbICIe co TeM- 
aTYPHOrO CKauKa, HaOwOLaBUIMlica BO 
A MpoBeqeHuaA paOor Ha rayOuHe 
j10 40 M. Oror co saTpyqHaer mpo- 
[HOBeHHe TYPOYyJICHTHBIX BHXpelt Ha 


jbUyIO TulyOMHY uM, TaKuM oOpa3om, 0 
TYPOYJICHTHBIX IMpoueccoB Cc mac- t a y 4 3 
bOamu B 200—2000 mM oxkeaH oxKa3bI- LgZ (em) ————- 


fe AOCTATOUHO <MCJIKHM). Puce. 2. Sapucumocts KooddPulluexta ro- 
OHapyxKeHHar B pe3yJIbTaTe IIpOBe- PH3OHTaIbHOrO TypOyseHTHOrO OOMeHA B 
HbIX paOOT MpHMeHHMOCTb «3akKOHa 4/3» Mope oT MaculTa6a ABJIeHHA MO aHHbIM 
peqWeMacuiTaOHOMy TOpH30HTabHoMy  PITOB 1955 r. u 28-ro pated okcneyH- 
(OVYJIEHTHOMY OOMe€HY B_ OKeaHe, a CEP cae Oe ae 
Ke ONpeeIeHHe MOCTOAHHOH C B 9TOM 3aKOHE JlalOT BOSMOXKHOCTH H30eraTb 
| eee B BbIOOpe 3HAUCHHH KOSPpPUUMeHTA FOPpH30HTaJIbHOrO TYpOyeHTHOTO 
feHa HW B KaxKJOH KOHKPeTHOH 3aaye HCNOJb30BaTb CTPOroO COOTBeTCTBYIOMULMH 
Kosmbulwent K. ITO, HECOMHEHHO, JOJI2KHO MOBLICHTb TOUHOCTh HW MpakTHye- 
TO LCHHOCTb paCueTOB TeX MPOHCXOAAWIMX B MOpe MIpOeccos, AIA KOTOPbIXx 
[bIyIO POJlb HIpaloT ABJICHHA TOPH3OHTAaIbHOrO TypOyJIeHTHOrO OOMeHa. 


Macruryt OKe€aHOJIOrHU Tlocrynw10 
|Akayemun Hayk CCCP U7 Seg 


IMTHMPOBAHHAA JIMTEPATYPA 


1.1L. F. Richardson, Proc. Roy. Soc., ser. A, 110, 709 (1926). ? A.M.O6yxoB, 

AH CCCP, cep. reorp. u reopus., Ne 4—5 (1941), * L. F. Richardson, 
tommel, J. Meteorol., Ne 5 (1948). *H. Stommel, J. Marin. Res., 8, M3 
P. B. O3mugoB, Mss. AH CCCP, cep. reous., Ne 6 (1957). 
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Jloksayn Axagemuu nayk CCCP 
1959. Tom 126, Ne f 


A. HW. ®EJIBSEHBAYM 


CPEAHHM MHOFOJIETHHM APEH® JIbJOB B WEHTPAJIBHOM 
APKTH4ECKOM BACCEHHE 


(ITpedcmaseaeno axademuxom B, B. IUlyaetixuneim 13 XI 1958) 


B Kayectse npusiowKeHusa TeopuH (1, *) MbI BLIYHCIMJIH CpeqHHi MHOFOJIeTHHE 
Wpelid bf0B B LleHtpasbHom ApxTuyueckom Oacceline. PacueTbl BeJIHCb pa3He 
CTHBIM MeTOJOM (°) 10 cpeqHeMy MHOFOJIeTHEMY NO/IO aTMOCHePHOrO MaBJIeHHA 
IIpHBeseHHoMy Ha puc. 1; cerouHad OOsIacTb H KOHTYp OacceHiHa NOKa3saHbl H 
3TOM 2K PHCYHKe. 

KOMNOHEHTHI CKOPOCTH 4YAHCTO BeTPOBOrO Apekitha BHIYHCAAMCb MO pa3sHo 
CTHbIM (POPMyJIaM, COOTBETCTBYIOLUM (PopMyviaM paOorel (?), mpH KosdpuLHeHTE 
u300apuyeckoro Apelttba K = 9000 km?/mec-M6 u Koo*puUHeHTe OTKJIOHCHHOME 
npeida K’ = 0,2 K. 

[panuenTHpl mpelicd) npelcraBJiasica B BAe CYMMbI OCHOBHOFO rpajMeHT 
HOrO Apelica, OOyCIOBJICHHOrO H€paBHOMePHOCTHIO BeTpa Hall paCCMaTPpHBaeMBIW 
OacceHHOM H BBIUHCJICHHOrO Oe3 y4eTa BOAOOOMeHa C coceqHHMH OacceiHaMi 
HM JONOIHUTeEIbHOrO TpalHeHTHOrO {pekdha, OOyCJIOBJICHHOrO 9THM BOOOOME 
HOM. B cooTBeTCTBHH C 9THM (opMyuIbI (4) paOorni (*) Obl 3aNHCcaHbl B Buse 


a(p—O) ay’ Sree 4 
Ug= — KUO _ pe te (1) 


rye dyHkuun © u $’ ynopsersopstor ypaBHenusm Jlannaca AD=0 y Ad’ =C 
MpH YTpaHHuHblx yciopuax (9);,=p u (b),= a7 F (L). 


Koodpuunent Kg NpHHMMaJicA paBHbIM 2,5 K *. 

IIpw pacuere JONOJIHMTeEIbHOrO rpaqveHTHOTO Apelicha MbI MCXOMIM u3 Jal 
HbIX B. T. Tumodeesa (*~°). I[Ipennonaranocb, uro B BepxHuii 200-merpospil 
cioH Llenrpambuoro ApxtTuyeckoro OacceliHa B CpeqHeM 3a FO BHOCHTCS 
102 Thic. KM® BObI (aTaHTHYeCKOH 62**, GepuHroBo-mMopcKoli 36, peuHoli 4) u Ta 
KOE XK€ KOJIMYECTBO BObI BLIHOCHTCA (B NpoOMB Mexyy UInun6eprenom u per 
Janek 71 u B npomuBbl KanacKoro apxunenara 31). Cueqyer uMeTb B BHI 
4TO BTOpble CilaraeMble B MpaBOH yacTH dopmys (1) Zalor ckopocTb ONOHH 
T@JIbHOrO TpawMeHTHOTO peta, paBHylo cpefHeH MO BepTHKaJIM CKOPOCT! 
TeueHHA B BepxHeM 200-mMetpoBom ciloe. Yuer HeOHOPOAHOCTH MOpCKOH BOJE 
mokasbipaeT (*), YTO CKOPOCTh JONOMHUTeEMHOrO rpaqueHTHOoro Apelicba pH 
Me€pHO BBO NpeBbillaeT yKasaHHyloO cpeHioIo cKopoctp. Ilostomy 3HayeH 
KOMMOHEHTOB CKOPOCTH JONOJHUTEBHOFO rpaueHTHOTO Apelicha, NoMyYeHHBl 


10 (opmyvie (1) (cuaraembie, cojepxauue tyHKuMto )’), ObwiM 3aTeM yBeJH 
YeHbI BIBOE. | 


* YkasaHHoe COOTHOWEHHE Mey KoaPPHUHeHTaMH OCHOBHOTO TpaWeHTHOTO M Uu306apt 
yecKoro [pela clenyeT u3 opmysni (24) pa6otn (1) npu m= 1. 3Hauenue xe m= 1 Tos 
yaeTCA NPM KospPuveHTe BepTHKabHOrO OOMeHA B rHApocdhepe, COOTBeTCTBYIOULEM, Kak 37 
NoKasbIBaeT KOCBEHHEIM MeTOX OlpeseeHuA STOrO KostpiuuNeHTa, CKOpOcTH BeTpa OKO.O | M/cek 
XapakTepHOM JA cpemHerogoBoro Betpa Hak ApkTM4ecKHM GacceliHom. 

: sd oS Kapckoro (28,4), Jlantessrx (19,6), Boctouno-Cu6upcKoro. (7,8), UyKo 
ckoro (6,2). 
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fuc. 1. Cerounaa o6nacTb wu KonTyp LleHTpambuoro Apktuyeckoro Gaccelina. Cpequee 
MHOrosleTHee Nose aTMociepHoro aBJeHHA 


Puc. 2. Uncro BerpoBolt Apel) ROB 


6* 
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Puc. 4, OOuw gpeli mbgZ0B 


Pe3yJbTaTe BbIYHCIeHHH MOMyUeHbI TaOMMIbI, ComepxKallue 3HaeHHs 
POCTH H HalpaBJeHHA OTICIbHbIX COCTABJAIONHX UH OOUero Apelia AHAB 
BJIOBBIX TOUKAX CeETOUHOH OOacTH. Ilo sTHM JaHHbIM NOcTpOeHbI KapTbI, H3 
DPbIX MbI IPHBOAMM KapTbl YHCTO BeTPOBOrO, rpalMeHTHOrO u OOULeErO Apeli- 
‘bOB, Ha KOTOPbIX NOKa3aHbI MepeMellleHuA JbOB B KM 3a ONMH Mecalt 
m2, 34H 4). 

AHaIM3 TaOJMUHBIX JaHHbIX H KapT MPHBOLUT K CeAYIOUIM BHIBOMaM: 

il. B Bocrounoli (THxooKeaHcKoli) 4acTH Cepepnoro JleqopuToro oKeaHa 
TCH AHTHIMKIOHAIbHAaA WMPKYJAWMA JIbOB C WeHTPOM MpHMepHO Ha 
(c.m. u 146° 3. 4.*, o6ycloBeHHasd, TlaBHbIM 06pa30M, HepaBHOMepHOCTBIO 
pa Haq Ilentpanbupm Apxtuyeckum OacceijHom**, 

».B 3anaqHoH (aTmaHTHueckol) uacrn Cesepnoro JleqoBuToro oKeaHa 
iI ApeyloT, B OCHOBHOM, oT Oeperos Cu6upu B nposuB Mexyy Lnuu6ep- 
om wu Tpenwianquel, npuyem HampaBseHne rpaquenrTHoro Apelitba B cpeqHeM 
iaaeT C HampaBJICHHeM YHCTO BeTPOBOrO pera. 

3. TaByyt0 pOJlb B CpefHEM MHOrosleTHeM OOmIeM Apelice bAOB urpaert 
\MMeHTHBIN Apes, cpeqHAA CKOpocTb KoToporo (56 KMm/mec) cocraBaser 66.% 
ocpeqHeH ckopocTH oOmero Aperticha mby0B (85 KM/mec). Pomb uncTO Berpo- 
(0 Apeca, cpeqHAA CKOPOCTb KOTOPOrO paBHa 34 KM/MeCc, MeHee 3HaUMTeJbHa, 
(O€CHHO WIA BOCTOUHOM yacTru CegepHoro JleqosuToro oKeaHa. 

‘4. Tnapuyio poub B rpayqveHTHOM Apekide JIbAOB UPpaeT OCHOBHOM rpaHeHT- 
" Ape (cpequaa cKopocts 41 km/mec). Posb JonOMHUTebHOrO rpaHeHTHOrO 
Pda (cpeqHAA cKOpocTb 28 kM/cek) MeHee 3Ha4HMTe/IbHa, OCOGEHHO IA palio- 
, YasleHHbIX OT BepHHroBa npowHBa HM npommBa Mexyy Inuw6eprenom u 
LB ratianet 


| Mucrnryr okKeaHoJIOrHu Tloctynua0 
Axkajemuu Hayk CCCP 12 XI 1958 


IHMTHPOBAHHAS JIMTEPATYPA 


(1A. H. DenpsenGaym, JAH, 113, N 2 (1957). *A. HW. Dennb3senGaym, 
TH, 116, Ne 2 (1957). * 1. 10. Manos, Cnpascunnk no uncaecHHomy pewenuio Audde- 
WHaJbHbIX YyPaBHeCHHH B acTHbIX MpousBoZHbIX, 1954. 4B. T. Tumode 23 
upona, Ne 7 (1956). ®& B. T. Tumogees, IIpo6memp Apxtuxu, Ne 2 (1957). 
}. T. Tumodees, Ipo6memp Apxtuxu, Ni 4 (1958). *7 A. HW. Deapsen6aym, 
M. ®omun, B. B. Itroxman, Tp. Wucr. oxeanon. AH CCCP, 25 (1957). 
i. WM. 3otTuu, Jleronucn Cenepa, Ne 2 (1957), ® C. OZ. JIanno, Jleronuch Cepepa, 
2 (1957). 


* Hasuune 3TOH WUpKyAUMM NoTBepKAaercA mpeliom ocTaTKoB cTaHuMH CeBepHbili no= 


83 
c-2 uw meqaHoro octposa T-3 (8,°). 
** Domb HeMocpeCTBEHHO BJIeKYULero JeHCTBHA BeTpa Ha Jbjibl B 
[MM ropa3qo MeHee 3HauHTesbHa. 


o6pa30BaHHH STON WApKy- 
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Jlokxnagmn Akayemun nayrk CCCP 
1959. Tom 126, Ne 1 


TEXHHYECKAA PH3HKA 
Axayemuk B. JI. KYSHELOB u A. H. JIOCKYTOB 


BJIAAHWE MPEXBAPHTEJIBHOW JE®OPMALLMM 
HA TIJIACTHYHOCTb AJIFOMMHNA 


Jlo HeqaBHero BPe€Me€HH CUHTaJIOCb, 4YTO MPOUHOCTb MaTepHasla ABIAeTCS 
B@JIMYMHOM, He 3aBHCALeH OT JIHTeEbHOCTH MpHsOKeHHA Harpy3kH. OHaKke 
yCTaJIOCTHbIe HCIbITAHHA HM MCMbITAHHA Ha JWIMTebHYIO MPOUHOCTh yxKe [aBHO 
CBUJeTeIbCTBOBAIH OO OFpaHHYeHHOCTH OOULENPHHATHIX MpecTaBJIeHHH. 
3TOM X%K€ CBHJCTeJIbCTBYIOT H pe3yJIbTaTbI paOOT, MpPOBeACHHbIX B MOCMEMHEE 
ppema C. T. Kuukuupim (?) u C. H. ’Kypkospim c corpyquukamu (37%). ; 

B pane pador C. H. )Kypkopa c corpyHHKaMM OblIO NOKa38aHO, 4TO pas 
pylmieHHe m[poTreKaeT He MIrHOBeHHO, a mocTremeHHO. BpeMeHHax 3aBHCHMOCTE 
MpOuHOCcTH OOHapyxKeHa Ha pAe MaTepHaJIOB: MWwacTMaccax, pe3HHax, CTeKJa} 
WM MeTaslulax, MpHuemM OOHApy2KeHHbIe 3AKOHOMEPHOCTH OKa3aJHCb OOWMMH [WIA 
BC€X MaTepHaJoB. 

Bce 3Tu JaHHble TOBOPAT O TOM, 4TO B MaTepHawle pH ero AecbopMupoOBaHHA 
CO3aloTCH Kakue-TO JlepPeKTbI, MpHBOAAWIMe K CYUIeCTBCEHHOMY H3MCHCHHE 
CBOHCTB. SHadHTeIbHOe CHH2KCHHE YapHOM BASKOCTH B pe3yJIbTaTe MpOBeeHH 
MpeABapHTeIbHOH WepopMalluH pacts»xKeHua OOHapyxeuo B. A. IlaBsoser ( 
Ha apMKo-.Kese3se, cTamu-3 u cramu 40XHMA. CuabHoe yMeHbuleHue MI 
CTHYHOCTH OOHapyxKeHO Huagom u KBopenom (8) Ha auIOMMHHeBbIX cmlaBax 
MOABEprHYTHIX MpeABapHTeIbHO HCMbITaHHio Ha Tomsyyects. VM. JI. Mupxut 
u VW. MW. Tpynuu (°, 1°) nowyansm 3aMeTHoe CHH2KeHHE TBEPAOCTH B 30HE paspy 
IWCHHA Ha OOpa3laX, NOABeprHyTbIX MCIbITAHHIO Ha JVIMTEbHYIO MpPOUHOCTE 

Hekoropple uccceqoBaTeiM MOaraioT, TO JecsbeKTaMH, BbISbIBAIOWLHMH yKa 
3aHHOC H3MCHCHHE CBOHCTB, ABJIAIOTCA TPeUMHhl, NOABJIAIOUIMeCA B MaTepnase 
3alOuITO JO MOMe€HTa MaKpOCKOMMYeCKOrO pa3pYIeHHA. 

B yxke WuTHpoBaHHow paOore Husa u Keopeia noaBseHHe TpelHH H MOF 
IIpH mousyyecTH HaOsOasOcb HeMOCpeACTBEHHO MeTaJIIOrpapuyecKMM WH MHK 
popeutrenorpaduyeckum MeTogamu. Iloapnenue TpeuwH B OOpasiiax, nomBepr 
HYTbIX CTATHYCCKHM HCMbITaHHAM, OblWIO OOHapyxeHO B. A. Tlapnospim 1 
K. A. Burupueson (11). Ilyrem Meramorpapuyeckoro aHau3a oOpasyos, Je 
(POPMHPOBaHHbIX PaCTAKCHHEM IPH Pa3sMMUHbIX TeMMepaTypaxX, aBTOPbI MOKA 
3aJIM, UTO B HAX HMeCIOTCH TpelllMHbI. Tpell{MHbl BOSHHKAIOT 10 BCeMy OObEMI 
OOpasllOB, a H€ TOJIbKO B MECTe Pa3pbIBa H HE B MOMEHT pa3pyleHUA, a 3aqour 
AO Hero —Ha paBHOMepHOH cTaquH AepopMallun. Ito ocobeHHO xapakTepH 
IIA OOpasloB, espOpMMpOBaHHbIX MPH BLICOKHX TeMMepaTypax. O 3HayHTebHO! 
pOJIM TpPellMH B MpoOlecce paspylWieHHA MOXKHO CYAUTb 10 padoram B. P. Pe 
reais (1) uC. H. )Kypkoza u 9. E. Tomamescxoro (°). 

Takum 00pa30M, MOXKHO CeaTb BbIBOL, YTO pH AetbopMupoBaHHN TBeEPABE 
TeJl PaCTH2KeHHEM B HHX YKEe Ha PaHHUX cTaqHAX eopMalluH HayHHaIOT BOB 
HHKaTb JeeKThI, HaKONJICHHe H pa3sBATHe KOTOPbIX MPHBOAUT K paspywieHulo 
Hasmune STHX WepeKTOB B MaTepHaJie MPOABAeTCA B H3MCHCHHH MeCXaHHYeCKH: 
CBOMCTB, B YaCTHOCTH, B 3€MeTHOM CHM XKCHHM MaCTHYHOCTH. BosHukaer Bonpo 
O TOM, KaKOBa YCTOHMYHBOCTb 9THX JedeKTOB. 

Ecau mpu JepopMupoBaHHH B MaTepHaJle cO3qaloTCH TOMbKO OOpaTHMBI 
AeeKTbl, TO Noce HarpeBa STOO MaTepHada BbILNe TeMNepaTypbl peKpuctas 
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alu M COOTBETCTBYIONeH BbIepxKKU MpH ITOH TeMMepaType Bce AemeKTH 
XHbI CHATBCA. CleqOBaTeIbHO, MaTepHadl B TaKOM cilyyae JOuKeH MpHo6- 
TH HCXOMHbIC CBOHCTBa. Copcem uHaye Oyyer OOcTOATb eNO B TOM culy4ae, 
HM MpH NepopMupoBauun OyfyT cosqaBaTbcA HeOOpaTuMple WeeKThI, Halpu- 
AOCTATOYHO PasBUTble TPeuHHbI. B STOM CyYae OTAKUT HE MOXKET MOJIHOCTHIO 
PaHHTb BCe ePeKThI, a BO3MOXKHO JIMUIb YACTHUHOe saequBAHHe Heqopas3- 
BIX JepeKTOB. 
'B cBa3m c STHM CBOlicTBa MCXOZHOrO MaTepvasa u cBolicTBa MaTepHawa, 
BeprHyTOro OTAKUTYy MOcMe MpeABapvTebHOK RectbopMalwn, He OymyT OmH- 
<OBbIMH. B YaCTHOCTH, eC/IH MpH pacTaxKeHHH B MaTepHase BCMe_CTBHeE npeg- 
PUTEIbHOM LePopMalun BO3HUKaIOT JedeKThl, He 38aleuMBalolllMeca IIpH mocue- 
OULEM OTHKHTE, STO NOJKHO MPHBECTH K YMEHbINeHHIO MlaCTHUHOCTH, T. e€. 
MEHbUICHHIO OTHOCHTEIbHOrO YIMHEHHA 8 H MOMepeyHoro cyxKeHuA . 
'B ynomuyapumxcs spe padorax B. A, TMapsopa u K. A. Bumeuesoit, 
A. Tlapnosa u Hua u Keopena uccaeqosanve BINAHHA NIpeqBapuTesbHOli 
OpMallMH MpOBOZMsIOCh Oe3 NpoMexkyTONHOTO oTKura. BemegzcTBue 3TOrO 
“TOe BJIMAHWE TpPellMH Ha CBOHMCTBa MaTepHasla OCTaJIOCb HeBbIACHCHHBIM. 
OJIH€ BOSMOXHO, YTO 34METHOE BJIMAHHE Ha CBOHCTBA Oka3bIBaJIM H OOpaTHMBIe 
€KTbI. OTO OTHOCHTCA OcObeHHO K paOotam B. A. IlaBmnosa. 
| Llembio Halle paOorb! sAEM/0Cb BbIACHeHHe BOMpoca O06 OOpaTHMOocTH Je- 
{KTOB CTPYKTYPbI, BOSHHKAaIOWMX TPH MpeABapHTeMbHOM edopMupoBaHuu 
kceTaKeHHeM. Hamu Obwi0 NpeANPHHATO H3YYCHHE BIIMAHHA MpesBapuTeMbHOL 
popmMauuMu M MocmeLyroulero OTKUTa Ha MOMHOe OTHOCHTeEIbHOe yavIMHeHHe 6 
i ae IIPOUHOCTH MPH pa3pbIBe oz. 
Mccneqopaloch BJIMAHHe Ha yKa3aHHble XapaKTepHCTHKH MeXaHW4eCKUX 
ae a) TeMMepaTypbl NpeqBapuTeIbHOrTO AedopMupoBaHuA u 6) cTeneHH 
C(BapHTeIbHOH MepopMauHH MpuH NOCcTOAHHOM TemMepatype. 
B KayecrBe MeToya AepopMupoBaHHA KaK peqBapHTeMbHOrO, TaK H OKOH- 
€JIbHOrO BbIOpaHo pacTaxKeHHe. PacraxeHHe MpoBosHsI0cb Ha MalwuHe PMII- 
co cKopocTbio 3,5 mM/cek. MatepwasiamMu, Ha KOTOPbIX MPOBOAMJIOCb HC- 
eloBaHHe, ObwIM Meqb Mapku M-1 uw amtomuHult A-1. 
IIpu uccieqopaHuu BAMAHUA TeMMepaTypbI Ha XapaKTepHCTHKH MacTHYHO- 
, H MpOuHOCTH MaTepHaa OOPa3Ibl PaCTATHBaJIHCb MpPHMepHO JO OAHOK CTe- 
HU JedopMallMu pu pasuIMYHbIX TeMMepaTypax: Qa Menu 20 vu 250°, quia aulio- 
gua 20, 100, 150, 275 u 330°. [Ipa usyyenuu BMaHMA CTemeHH Npe_BapH- 
MIbHOH JeOpMallHH aJIOMHHVEBbIe OOPa3lbl PACTHTMBaJIHCb Mp NOCTOAHHOM 
BbIMeHHOH Temmepatype (330°) No pasJHUHEIX CTemeHeH B Mpeqenax paBHo- 
pHo Wehopmauuu: 6, 10, 14, 18, 20 uw 25%. Ilocae NpeABapuTebHOH jepop- 
UHH OOpasbl NOABeprasuch OTKUTY B O€3OKHCJHTeIbHOH cpene. Temmepa- 
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pbI oTKura Opanuch yaa Mequ 500° u quia amtomunusa 400°. 
Jina Bpi6opa Temnepatypbi OTKura 1A aNIOMHHHA HAMM MECTOZOM TMocseo- 
T@JIbHbIX OTKHTOB Oba CHATA UaCTb PCKPHCTa/IM3alHOHHOM KpHBOH. B pe- 
JIbTaTe 3TOTO ObIIO MOKa3aHO, YTO CHATHE HaksJena, BOSHUKUIeTO MPH C#KATHH 
pasion, IIPOHCXOAMT MOCce YacOBOH BbIepxXKKH MPH 350°. CreqoBaTeJIbHO. 
(OpadHhli HAMM PexKUM OTKUTA ABMAeTCA OOOCHOBAHHBIM. 
Ilocne mpopegenua mpeqBapuTenbuch AepopMaluu HM MpoMexkyTouHOro 
ura OOpa3iibl CHOBa NOMelaMCb B 3aXBaTbl MallMHbI, PaCTATMBaJIMCh MpH 
MHAaTHOH TeMMepaType NO pa3spbiBa M IA HUX ONPeCAIMCh OTHOCHTCJIBHOE 
JtuHenue § u Mpelel MpOUHOCTH Ip paspbIBe Og, KOTOPbIe CONOCTAaBAJUCh 
OOTBETCTBYIOUIMMU XapaKTepHCTHKaMH IIpeABapHTeJIbHO HeJecbOp MH pOBaHHBIX 
/PasloB. 
“Ha ocHope u3vI0xKeHHOrO MOKHO OKUJATb cueqyroulero. Ecam mpu Aecop- 
(DOBaHUu B OOpa3llaX BO3HHKAaIOT TOJbKO oOpaTHMble HapylleHuA CTpyKTypbI, 
-B pesysbTaTe MpOBeweHHA OTAUTa BCE OHM AOKHbI CHATHCH UB oOpa3itax 
JIKHbI BOCCTaHOBUTbCA HCXOJHbIe MeXAHHYeCKHe CBOHCTBa. Ecru 2%xe pu 
(POpMHpOBaHHH B MaTepHase OOpaslloB CO3LalOTCH HeoOpaTuMble HapylleHHA 
PYKTYPbI, HalpMMep TPelHHbI HIM MOPbl, TO 9TO AOAKHO MpPOABUTbCA Ha 
XAHHYECKUX CBOHCTBAX MaTepHawa, T. €. IPHBECTH K CHH2KEHHIO €PO M1aCTHY- 
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Ta6auna ft 
Bauanve TemMepatypbl MpesBapHTebHOH Aed@opMalHH Ha M€XaHHYeCKHE 
CBOHCTBa MeJM M aJIOMHHHA 
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ae ar og Boe mon 
REcl oid Zax Bs 65 o 
ak Hos a = al ec Te) 
NeNe mn. ES? See go OR Qe] r/u? 
SHO : wd os 
So aoer ce Ue Seo 
QB & 
oes sag glee) ~80 | QRS 
Han Mee tH Ko Ho | hon 


are = — — |, 20 54 20,59 
2 20 10 , 1500 20 |, 53 24,9 
3 250 10 500 20 41 21,9 
MMH 
ie oa — — 20 38 8,2 
2, 20 14,8 400 20 29 8,0 
3 100 10,3. 400 20 35 8,9 
4 150 42,4 400 | 20 34 8,6 
5) 279 8,4 400 20 34 8,0 
6 330 10,2 400 20 34 —- 


HoctH. MoxkHO OxkHAaTb, YTO ac:pcseKT OyeT YBeMHYHBATbCH C POCTOM CTeNe€HR 
MpesBapHTesbHOH ecopMallun. } 
PesysbTaTbl nepBol cepuu onbiToB npuBeyenbl B TaO. 1. M3 aHHbIx 3TOm 
TaOMMIbl BAHO, ITO MpeABapHTeMbHOe PaCTAXKEHHE MPH PasJIMYHbIX Temmepa- 
TYpaX BbISbIBaeT B MaTepHaJie KaKHe-TO H3MCHCHHA, KOTOPble HE YCTpaHAIOTCA 
OTKHTOM H IIPHBOAAT K CHH2KeHHIO MlaCTHYHOCTH. Ha aJIIOMHHHM 9TO ABJICHHE 
HaOuloqaeTcnd pH BCeX TeMMepaTypaxX MpeABapWTeIbHOFO UCNbITAaHHA, B TON 
yucule H NpH KOMHaTHOH. Ha meqn xe 

Zo CHHXKeHHeE [JlaCTHUHOCTH — YMeHbILe- 
HH€ MOJHOFO OTHOCHTeJIbHOTO yWJIHHe= 

HHA 6 HaGOLaeTCA TOKO Nocsie mped- 
BapHTeJIbHOH epopMalluH MpH MOBbr 
WWeHHOH Temmepatype (250°). Ecan xe 
TIpeqBapuTesbHad epopMaluA Melu 
MpOBOMHJIacb MpH KOMHaTHOH Temme- 
paType, TO OTKHT NpHBO_A K NOHO- 
MY  BOCCTAHOBJICHHIO  lJlaCTHYHOCTH. 
CyeqyeT OTMeTHTb elle HW TO, YTO MpH 
OG! EPG NIE ERNIE 3aM€THOM YMCHbIICHHH OTHOCHTEIbHOFO 
SNE SE ae YIVJIMHEHHA BeIMUNHAa Tpesea TI pOUHO: 
CTH OcTaeTCH HeH3MeHHOM. 7 

Puc. 1. M3menenue nomHOoro OTHOCHTesIb HOrO HecieqoBaHve BJIMAHHA © cTeneHE 
yQHHeHHA 5 TIpH pasphiBpe B 3aBHCHMOCTH oT pe Ba puTebHOU epopMalluu npu m0- 
cTeneHH TpesBapuTembHoH edopMaltun CTOAHHOM Temnepatype IIPOBOLMJIOCb Ha 
aJIIOMUHHH. BBuyly 3HauuTeIbHOrO pas- 

Opoca OTJeJbHBIX H3MepeHHH (MaKCHMAaJIbHOe OTKJIOHeHHE OT CpeqHero 3HaueHHA 
B OTACIbHbIX CyYatx CocTaBAIO 20O—25% adcouOTHOrO 3HaYeHUA H3Mepse- 
MOH BeJIMUHHbI) HaexKHBIMH CJIeLYeT CUHTATS Pe3y/bTAaTbI HCMbITAHUE mpu 330° 
HM olleHOUHEIMHY —mpx 100°. B nepsom cyuae Kaan TOUKA ABJIAeTCA pesysb- 
TaToM ycpequeHua 10—15 orgenbHbIx usmepeHnit. Pesybratb STO CepHu OMbE 
TOB MPHBeAeHb! JIA ClyYad NpeyBapuTeIbHOH AesopMauun mpu 330° na puc. I, 
a Aa Temmepatyppt 100° B ra6a. 2. Wa qanupix puc. | u Ta6n. 2 BugHO, uTO E 
OOOUX CylyyaixX HaOmOaeTCA OYCHb CHJIbHad 3aBHCMMOCTb TWIaCTHUHOCTH O1 
CTeNeHH MIpeABapuTeIbHOH fetbopMaluu. C yBeMyeHHeM cTeneHH npepBapE: 
TEIbHOH ReOpMalHH CHJIbHO YMeCHbUIaeTCA NOMHOe OTHOCHTEbHOe yAMHeRHE 
mp pasppiBe (c 40% ja HenedopMupoBaHHoro OOpasiia Wo 25% ans o6pa3lloB 
AePOpMH poBaHHbIxX Ha 22%), NpHYeM YMeHBIIeHHE MpONCXOAUT NoUTH AHHELHO 
UTo xe KacaeTcad mpelleda MpOUHOCTH MpH paspbIBe og, TO OH OCTaeTCA TO 
CTOAHHBIM BO BCEX CJlyYaAxX. OTO yxKe OTMeYAOCh AIA CYYaA NpewBapuTebHO! 
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(POpMal\HH Me] H AJIOMHHMA pH pasM4HBIX TemnepaTypax. TouHo Takue xe 
psYAbTAaTH! MONYYCHBI H MPH MpeBapHTeIbHOM ePopMupoBaHHH JO pasHbIx 
emeHeH MIpH MOCTOAHHOK Temmepatype. Takum oOpa3om, cyya mo 3HayeHuio. 
B, B PsyJIbTaTe OTKHTAa MBI NOJYYaeM BOCCTAHOBJIEHHE CBOHCTB: mpeses paB- 


DMePHOH AepopMalwH octasica mpexkuHM. OgHaKo BOcCCTaHOBJIeHHe CBOLICTB 
TepHalla HE ABJIACTCA MOJIHbIM, TaK Kak 


DIHOC OTHOCHTEIbHOe YVWIMHeHHe Ip 
R3pbIBe MpeBapHTeIbHO AepopmupoBax- . ret 
: 5 JIAH HWE IipeABapuTeJIBHOU Ae OpMclILHu 
IX OOpa3loB BCerqa MeHblie HCXOLHOrO npn 100° ¢ nocneayiomum “onmuromine 
aueHua. McKstroueHHe cocTaBuJIAeT TOJIb- 


23 MJIaCTHYHOCTb aJIIOMMHHA 
cilyyaH epopMHpoBaHHsl Mequ mpu 


Taosuna 2 


MHaTHOH Temmepatype. - Bce 9xKcnepu- Tomnoe ot-| 

| NoNe |CTemeHb mpeq- HOCHT. , 
-HTaJIbHbIe JIAHHBIe, NOJIYYCHHbIe B Ha- nn. Bapur. Aedop- _yulMHeHHe, KI /mm? 
JeH paOore, CBUJETeEIbCTBYIOT O TOM, UTO Pa AIG/6 % 

PH PaCcTAXKeHHH B MaTepHase OOpasloB 

p3aloTCH KaKHe-TO HapylleHua cCTpyK- f bet eo 
VPbl, MPHBOZAWHe K YMeHBINeHHIO ero 9 6.7 375 8 5, 
macTHuHocTH. HapyleHua 9TH ABJIAIOTCHA 3 10.3 35,2 8.5) 
H€Hb YCTOHYHBEIMM, TaK KaK He ycTpa- 4 127 33,6 —— 
HIOTCH IPH OTXKHTe. 5 He nie gl 
{ K comkalenuio, Ha Halleli ycTaHoBKe p be 298 8°0 


I HE MOIIH ONpeweIHTb 3HaueHHe 
ETHHHOTO CONPOTHBJIeHHA paspHiBy S, HW HE MpOBeNH MeTaJOrpaduyeckux 
cCJIeQOBaHHH MCMbITaHHBIX OOpasyoB. Ilostomy B HaCTOALee BPEMA MBI MOXKEM 
ius KOHCTATHPOBaTb (PakT MOABJICHHA MPH PaCTAXKeHHN B MaTepHaJle KAKUX-TO: 
OOpaTHMBIX eeKTOB CTPYKTYPbI, MPHBOAUIMX K YMCHBUICHHIO MacTHUHO- 
fH, HO HHYerO HE MOXKEM CKa3aTb O TIpHpose STHX AeceKTos. 


Cu6upckul dusHko-TeXHHUeCcK Hil Tlocrynuao 
Hay 4HO-HCCJICNOBaTeIbCKHH WHCTHTYT 16 II 1959 
tip TomcKomM rocyfapcTBeHHOM yHHBepcHTeTe 
uM. B. B. KyOpmmesa 
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Hb, JKT ®, 26, B. 2,.359 (1956).9-°21C. 1T: PK ueK Hin, ) DA, 
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TEXHHYECKAA PH3HKA 


JI. C, MAJIATHHK u FO. © KOMHHK 
© KHHETMKE KOHJEHCALLHH METAJIJIOB B BAKYYME 


(ITpedcmaeneno axademuxom C. A. Bexwuxckum 14 IIT 1959) 


B pa6orax (!~*) paccmaTpuBaJica MeXaHH3M KOHJCHCalHH MeTaJIJIOB B Ba- 
KYYMe; HacTosujee cooOuleHHe MOCBAULeHO H3YYCHHIO KMHETHKH STOO Mpo- 
mecca. MerogaMu 3/IEKTPOMpOBOAHOCTH H ONTHYCCKOM MJIOTHOCTH MbI HCCJIELO- 
BaJIM HavaJIbHy1O CTaquio OOpas0BaHuaA KOH,eHCaTOB Bi, Pb,Sn u Sb Ha «Hen 
TpasbHOH» nosmoxKKe (creK0, KOo_uH). Metanm, ucnapaemMbli B BakKyyMe 
3 MHMHApwueckoro THIVIA (°), KOHNCHCHPOBAJICA Ha IPAMOVFOJIBHY!O CTCKJIAH- 
HY IllaCTHHY, HMCBUIYI0 MOCTOAHHY!O TeMMepaTypy HAM rpaweHT Temmepa-— 
Typ or 50 yo 200°. Mexy nuiacTHHOo uw ucMapuTeiemM NOMellaJICA 9KpaH, MepHo- 
AMUeCKH MepeBuraBlMlicd B Mpolecce KOHAeCHCalMH MOMepeK MaCTHHbI, Ha 
KOTOPOH TaKuM O0pa30M (OpMHpOBaJICA CTYMeCHYATHIM KOHJCHCAaT C Pa3JIMYHbIM © 
BPC€Me€H€M SKCNO3HUMH KaxkKOH cTyneHH. 

Ecau B TOHYaHUIeM CJIOe MeTaJJI He aeT AaHOMAIbHOM JMCHepcHu cBeTa, 
TO ONTHYecKad NOTHOcTh S TOHKOrTO COA KOHJeHCaTa MpOMOplMOHaJIbHa 
MOBEPXHOCTHOH MOTHOCTH Q r-cM” CKOHJe@HCHpOBaHHOrO Ha MOMJO%KKe Me- 
Talla, H€3aBHCHMO OT pa3Mepa HM uHCyIa YaCcTHI, OOpasoBaBlleroca «ByMep- 
Horo Kosouga» (°). Jaa naeHok Bi, Pb, Sn, Sb tommunot <60—100A 
HaMH TOATBep Kea JIMHeHHad 3aBucuMocTh S=8Q. Jina BiB = 0,95- 105 r4-cm?, | 
ANA KpucTanmMyeckoH cypbMbl 8 = 1,26-10°r+-cm?; a~na Al bl Hallmu, m0 
auupm (7), B = 2,96-10° r4-cm?. 

Ha puc. | mpemcraBiieHa 3aBucuMocTb S OT BpeMeHH KOHJeHCcallHy T, 
XapakTepu3yloulad Mpolecc HaKONJIeHHA KOHMeHCaTa IIpH pa3HbIX TeMMepaty- 
pax mogoxKM. Kak BYAHO M3 pwc. |, B HavaJIbHbIn Mepvoy, KOHJeHCaluu 
cKxopoctb dQ/dt = ydS/dt BospactaeT oT HyJIA JO HeKOTOporo MpakTMyecKH 
NOCTOAHHOLO 3HaueHHA (B JaHHOM skKcrepuMente dQ /dt=1,8-10°8 r-cm?-cex 4). 
Uem splliie TeMMepaTypa MOAOKKM, TEM 9TO BO3pacTaHve MejieHHee. TakuM 
o6pa3soM, KOSPPHUMeHT akKOMOJalHH &® B HavabHbIli NepHos KOHJeHCAalMH 
pacTeT OT HyJIA JO HeKOTOpOrO MOCTOAHHOTO 3HayeHHA. 

Ha puc. | mpupeyqena TakxKe 3aBHCHMOCTb 9JeKTpocompoTuBseHua R (ct) 
Aaa Bip yKa3aHHblx Temmepatypax. R nosocKku Bi, ocaxkqaemoro Ha cTeKsIO 
yepe3 Ileb WMpHHoH 1 MM, u3Mepau0cb Ha MpHOope SIT-07, npucnoco6s1en- 
HOM [ld HellpepbiBHOH aBTOMaTHyecKON 3amucu. Kak BuAHO 43 KpHBol R(t), 
M10 MPOIWeCTBHM BPeMeHH Tp, SJIEKTPOCOMPOTHBJeHHe pe3KO MafaeT co BpeMe- 
HeEM KOHJe@HCallMH, 4YTO COOTBeTCTBYeT CpacTaHHio yacTtum Bi B cnnowHOn 
cmon (8, °). CpapHenue KpuBbix S(t) u R(t) NoKa3biBaeT, uTO cTraOunu3alua 
CKoOpocTH KoHAencauuu dQ/dt HacTynaer sagomro fo Takoro cpacTaHua. 
OTHOUIeHHe «JIaTeCHTHBIX» NepHOAOB IJeKTPOMpoBoAHOcTH (t,,) H crabuMM3alLUA 
ckopocTH dQ/dt(ty,) cocraBiseT t, /t 7,3 WH C yBeMYeHHeM TemMepaTypbl 
MeHAeTCA He3HauHTeJIbHO. 

KpupoumHelinpe yaactku S(t) Ha puc. | xopoulo onncpiBatorca dopmyvioli 


S = Ave =A, (v0). (1) 


B unteppane 20—80° gq uamensetca oT 1,8 go 2,4. Koaddbunnent A ape 
saeTca yHKuMel TeMnepatypbl T NoAOKKM HM MMOTHOCTH MOsIeKyapHOrO 
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oTOKa ¥ aT-CM™*-cek?, a xkosdpumvert A, — cbyukuneli tompKo T, mpea- 
TaBJIGHHOH Ha puc. 2. 

AnaJlorMuHble pe3ysbTaTbl Nomyyenst ama Pb, Sn u Sb. Toxagatenp crte- 
eCHH q W3MeHHeTCH ele ClaOee: qua Pb u Sn or 1,8 no 2B HHTepBavie 
0—150°; ana Sb q~2 8B untep- 
ane 60 —110°. Ognako mpu npu6.1H- Vs 
€HHH K KPHTHYeCKHM TeMMepaty- ; 
baM KOHJeHcayHH (*) HaGsiroqaeTca 
OJlee SHAYHTeJIbHbIM pocT g. Tak, 
[pH UpHOmmxKeHHu kK TemMepaType 
ixp (BbILIe KOTOpOM - KOHJeHCalMA 
[POHCXOMHT He B KpucTasIMyecKOl 
a3e, AB KUAKOH; Wa Bi Tixnp = 97°, 


On 


ta Pb w Sn Tip 160—170°) gpg io 
jo3pactaeT go 2,5. Jina Sb B6nu3u : 

“oxp (BbIUe KOTOpOH KOH,eHCalua 

oobmye §=HeE MpOMCXOAUT; Toxp 

~110—130° wna v B upenenax 0 | 19’ 

ee eee D9 %%39 To 10 IO mut. 
OHJ[eHcaTa 34TATMBACTCA Ha BPCMA Ty, 

jospactatiolulee c yBesMyeHHeM 7’. Puc. 1. 3aBHcumoctH onTuyecKolt NOTHOCTH 

Huxe jaetca TpaKkTOBKa TOJy- S u samextpoconpotuspnenua R caoa Bi oT 

HHbIX 9KCIICPHMCHTAJIbHBIX JlaH- i gape SUE ee 

bIX, HCXOAX M3 pasBHTHA TeOpuH ByMepHoro cocrosnua (}, ”, 4). 
MausekyJIbl Metanumueckoro Mapa (KaK MomMaTOMHbIe MOseKYyJbI, Tak u 


TOMbI (*°)) afcopOupylOTCA MOBepXHOCTbIO MOMOXKKH, OOpasyaA [ByMepuHbtit 
jap. IIpu nekoropom nepecbiileHHu noceqHero BOSHUKaIOT YCTOMYMBbIe ABY- 
| MepHble 3apOJbIlIN KpucTaaMuecKoH 
WJM %KHAKOK capt (*). CpeaqHee Bpema 
9? s T, IpeOblBaHHA MOJIeKyJI B «BYMepHOM 
| Tape» (qo pevcnapeHua Cc MOOK) 


eae papyo, no A. WU. Dpexkemo (?): 
£ x H Ty = Ty Volk, (2) 
aw rye U,—tTemmota aycopoOunu, tT — 


50 60 70 80 we KoapuuneHT, He 3aBHcauIM oT T. 


UncneHHad MIOTHOCTh 1 aT-CM” H 

c. 2. 3apucumocts A(T) aaa Bi. CTeleHb NOABH2KHOCTH MOJIeKyA B ABy- 

—v = 6,02-1018 ar/em?-cex; 6—2,1-10%; MmMepHoM Mape olpeyeisioT CKOpOcTH 

6 — 3,44-10%4; 2— 4,8. 10" 3apoOKeHuaA MW pocTa yacTH KOHJeH- 

cata. Hamu BbiBefleHa 3aBHCHMOCTb n 

T BPCMeHH KOHAeHCauHu t B HavaJIbHbI ee NepHog (qo O6pas0BaHua 3apo- 
pileH KOHJeHcaTa): 


| 
| 
| 


AG) 1, e—tl*1), (3) 


TIpa T > T2xp MAKCMMaJIbHaa IIOTHOCTh vt, He AaeT MocTaTouHOrO Hepe- 
IMeHHA, B pesysbTaTe yero OOpasoBaHWe KPHTHYCCKUX 3apompilllen He OCy- 
eCTBJIMeCTCH HM KOHJeHCalMH He MpOucxoOJHT. pu Tixp<T <Toxp “aM 
<Tixp OQBYMepHbIi Map K MOMeHTY Tt, HauaJia KOHACHCALLHM Oe 
epecbILeHHA, JOCTATOUHOTO JA MOABJIEHHA [BYMeCPHDIX 3apOfbIIeH KPHCTALT- 
MYeCKOH WIM KMAKOM cbasbl. C MOMeHTA Tx (byHKUMA (7) W3MeHAeCT CBOH BH: 
JEG 
n(s) = v4 (1 —e-) — oe, (4) 
e L(t) — 4ucIo aTomos, MepellequIMx B KOHeHCcaT; o(t) eae 
‘aeMad KOHJeHCaTOM, MpuxoAaujasca Ha 1 CM” NOAOXKKU, ( ne 
—nomlayb noswoxKKU, 3aHuMaemas B CpeHeM OAHHM aTOMOM. 
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3aMeTHM, YTO POCT JBYMePpHbIX 3apoOfbllueH 3a CyeT aTOMOB J[ByMepHOrO 
apa IpOWCXOAUT He TOMbKO B MVJIOCKCCTH NOfJIO%KKH, HO H NepleHAMKyApPHO 
K Hel. Uem MeHbIIe CKOpOCTb KOHJeHCalHH, TeM Jlerue OCYULeCTBJIAeTCA 
OObeMHBIM pocr yacTH (TepMOAMHAaMMYeCKH Oosiee BbIFOMHbIN, YM POCT IJIO- 
cKkHx uacruu). B c6bemMHOM pocTe uaCcTHIL MpHHHMaloT yyacTHe He TOJIbKO 
aTOMbI JBYMepHoro Hapa, HO MH HemMocpeycTBeHHO H3 MOJIeKYJAPHOPO NyuKa- 
B wesoM mpoecc HakOMJeHHA KOHAeHCaTa Ha No,woxKe ONMCbIBaeTCA PyHK- 
Heli Q(t). IIpaMenus Matematuyeckui annapaT, paspadorannpl A. H. Kos- 
MOFOpOBbIM JIA Culyyant OObeMHOM KpHcTatMsaluU (11), HavfeM BbIpaxkeHHs 
JIA WCKOMBIX KHHeETHYeECKHX CyHKUMH o(t) U Q(t): . 


o(2)=1—e-a; Q(z) = 1 — em, (5) 
rye 


a 


3 
Co (t”) dx"| dt’, 


o 


a, = 600) \ aa'T a’, a= (0) 


aa) 


a, HM Qg— KOHCTAHTHI, YUMTHIBaloMlMe (OpMy HM yCJIOBMA 3apoO%xKMeHHA UM pccta 
yacTHI, (HallpHMep, Aina Q(t) MpesuonaraetcA s3apoxKMeHHe Ha NOBePXHOCTH 
NOWJOKKH, a pocT yacTHIL — B MosyupecrpauctBe); b(t) — CKOpOcTb 3apoxe- 
HMA YaCTHIL; Cy(t)— CKOpOCTb pccTa B MJICCKCCTH MOMMORKH; Co (t) — Cped- 
HAH CKOPOCTb pocta B OObeMe. 

Bpluncsenve n(t) (4) oka3ai0cb HeMHeEMHOM 3ajjauelH, Tak KaK a(t) eCTb 
(byHkuna b(t) M c(t), 3aBHCALMX, B CBOIO OYepesb, OT n(t). Pemienue BC3 
MOXKHO MeTOJOM NOCJIeMOBaTeIbHEIX IpHOmMxKeHuH. YKaxKemM HyJleBoe Npudsu- 
»KeHHe. [lomarad NOCTOAHHBIMH CKOPOCTH C, H Cg MH OHOBPeMeHHOe 3aporx le 
Hue 6 WeHTpOB, HaxOJMM 


o(t) = 1 — exp [— a, bc? (t — ty) #] = a) bc? (t — ty)”, a 


Q(t) = 1 — exp[— a, bc3 (t — ty) %] & a, bc3 (t — Ty)%, 


rye gi = 2, gg = 3, a B CAyyae yObIBaHHA Cy WH Cy HMeeM GQ, <2 HW Go<3d- 
M13 9JleKTPOHHOMMKPOCKONHYeCKHX CHHMKOB cJleyeT, uTO uNcIO Db BecbMa 
BeJIMKO (HallpHMep, Jia KoHyeHcaTos Ag u Au b~ 10%cm?(?*), a quia He- 
KOTOpbIX MeTaJIJIOB ene Oombwe: ~ 1014 cm? (1°)). Tlomaraa, 4To cy HM C 
nmopagka v, HalieM mocsie noycraHogku (6) B (4), ¥TO BONM3M Tt, GyHKUMA 
n(t) uMeer Makcumym. IIpu t> ty n0THOCTh n(t) Obicrpo CHM2KaeTCA — Me= 
pecbiljeHve J[ByMepHCroO apa pesko Mayaer. CyreqoBaTesbHO, 3apoxKeHne 
yaCTHL, MpOWCXO{MT JIMUb B HavasbHOW cTaqWH KOHeHCallMH HW 3akaHun= 
BaeTCH 3a KOPOTKOe BpeMA — BOJIM3H MakcuMyMa 7(t). [[pu t> ty, B CBA3H 
C yObIBAHHEM N, CKOPOCTH C, (t) H Co(t) C HaYaJIOM KOHJeHCallMH yMeHbIWAaIoTCA. 
B fasbHetiiem, Korjla paccTOoAHHa Me@x*Ky 3apOMBLINMUCA 4aCcTHIamu cra= 
HOBATCA MeHbWe JIMHbI WpcOera 34 BpeMA MKM3HH Ha NOMMOKKe MOMeKYI 
IByMepHOro Mapa, Becb MOJIeKYJAPHbIli MyYOK pacxofyerca Ha PopMupoBaHue 
KOHJeHcaTa (pH «= 1); cKopocrb c,(t) cra6umusupyerca (puc. 1). ; 

Crenlenb HepaBeHcTB gq, <2, gz <3 ompeyesisercs! WHTeHCHBHCCTbIO BbIse~ 
JI@HHA KOHJCHCHpOBaHHOH (pa3sbl. Tak, ecCJIM CKOpocTb 3apoxfeHua 6 yMeHb= 
wlaeTcA (HampuMep, c poctom T), TO q, M gz yBemuuuBawres. MoxHo moKa= 
3aTb, YTO MpH T~1/,T xp 6(t) umMeeT MakcumyM. CyleqoBaTeJIbHO, C TOBbI- 
WWe€HHeM Temulepatypbl (1/2 Taxp << T <Toxp) MuCnepcHocTb KOHAeHcaTa OMKHA 
yMeHbIUUAaTbCH. | 

Yka3aHHble BbIBOALI TeOPpHH JByMepHOro cocTOAHMA HoyrBep»xKyalorcs 
SKCIEPMMEHTAJIbHBIMH JaHHbIMH HaCTOAWeH padoTH! (3aBucumocTH S(t), to, (T),: 
q(T), HuCHayatoujaa 3aBucuMocTD A, (T), OTpaxkatollad xXapakTep H3MeHeHuA 
b(T), Hanwune jaTeHTHOrO TepvHoya KOHJeHcaluN vu ip.) H aHHbIMH [pyrux 
aBTopoB. Tak, u3 paGor (1%, 18) uerko BugHo, uTo yacruubi Ag, Au u apyrux 
MeTaJIJIOB BOSHMKalOT TpH KOHJeHCalWH NWpakTHYeCKH OJHOBPeMeHHO, HU B 
AaJIbHEMINEM HOBbIe YaCTHILbl JeHCTBUTeIbHO OosIee He nosBsstores. Jucnepe- 
(oe | 


_— . 


CTb KOHJeHCaTa OovbIOro pxAa MeTaJJIOB YyMeHbllaerca c poctom T (1*) 
C YMCHbINCHHEM TeMNepaTypbl waBJieHus MeTasna (10,15) (unm, TouHee, 
PO KpuTHyecKOW TemMepaTypbl T'o<p — CM. BbIie). Mabie CKOpocTH KOHJeH- 
AMM OWlarOnpHATCTBYIOT OObeEMHOMY pocTy uacTuLL (2?) yee 

Bmecte c Tem TeopHst BYMepHoro cocTosHUA nNo3BoOsAeT mipeckKa3aTb u 
BBIe sABIeHHA. HallpuMep, «aTeHTHDIiiy TepHo KOHeHCAIHH Ts, (puc. 1) 


OE 
5 50 75 ce ZO) 50 75 cek 


roy 


Puc. 3. U3smenenue Konurypauuu Kpuspix S(t), nomyyeHHbix MpH ocax- 

Henuu Bi mpu 95°, B 3aBHCHMocTH OT CpesHel TONMMABI COs So, Apes - 

BapHTeJIbHO HaHeceHHoro mpuH 95° (A) u mpu 20° (5). 8)(B A): 1—0; 

2—0,2; 3—0,6; 4—1,7; 5—3,0; 6—5,7; 7—9,0; 8—13,2; 9—0; 10—0,2; 
11/—0,55; 12—1,7; 13—3,6 


(OXKHO HCKYCCTBCHHO yMeHDbIIMTb HJIM COBCeM YIpa3qHUTb, eCIH Ha nodo*KKe 
ee peteHo CO3aTb TOTOBbIe sapozpiuH. Ha puc. 3A BuyHO, KaK Me- 
eTCA KOHurypalua KpuBeIxX S(t) npn 95° c yBemuueHHeM cpeyHei Tos- 
ieee 6) cuoa Bi, mpegqBapuTewbHO HaHeCeHHOrO Ha MoqIOKKy Upu sro xe 
emiepatype. IIpw 6, = 13A mepwoq ts, yMenbulaerca fo Hyasa. IIpu 20° 
p, McuesaeT pu 6) = 2A. Tor xe atpPeKT UCyesHOBeHUA ts, BOSHUKaeT Mp 
KaxkyeHHu Bi mpu 95°, ecmH npesBapHTeJIbHbI culo 55 = 2A HaHeceH mpu 20° 
puc. 35). IIpeqpaputesbHoe HaHecenve TOHYAaMWIMX KOHeCHCHPOBAaHHBIX «CJ10eB» 
Pyrux MeTaIOB TakxXe BbI3sbIBaeT 3*pPeKT YMEeHbINeHHA HIM HcuesHOBeHHA 
NMaTeHTHOTO») Tepvoa KOHMeHCAaHN Tz,. 


XapbKOBCKHii MOMHTeXHMYeCKHH MHCTHTYT Toctymua0 
um. B. VW. Jlenuna 13° lr 1959 


XapbKOBCKHM TocyapcTBeHHbIM yHUBePCHTeT 
um. A. M. YoppKoro 
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Jloxaayur Akagemun nayk CCCP 
1959. Tom 126, Ne 1 


TEXHHYECKAA ®H3SHK 


Uaen-Koppecnonzent AH CCCP A. M. CAMAPHH u J. A. CBET 


0 JIY4YEMCNYCKATEJIbBHOM CHOCOBHOCTH METAJIJIOB 
B )KHAKOM ®A3E 


OnucaHHbim pauee (1) MeTOJOM MOJYJIAWHOHHOM pedseKTOMeTpHH NO BelM 
YMHeE KOSPULNeHTa OTPaxKeHHA ONpeeANach JyYeHClycKaTeJibHaA coco 
HOCTb NOBEPXHOCTH MeTaJJIMYeCKOH BaHHbI B BHAMMOM HM OM3KOH MHPpakpac- 
Ho O6acTrax cnekTpa. B kayecTBe IPHeMHHKa JIYYMCTOH SHEPrHu DJIA mocez- 
Hell IPHMeHAJICA TeEpMAaHHeBLI CPOTOAMOA, H3MCPeHHA C KOTOPbIM ObWIM BbINOU 
HeHbI B JByX yyacTKax cnekTpa C 3PeKTHBHEIMH JWIMHaMH BOIH 1,0 u 2,0 »*. 
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PesysIbTaTbl ONpeesIeHHH JIYYeHCNyCKaTeIbHOH CNOCOGHOCTH WWIA pasutuu-— 
HbIX Me€TaJJIOB MpHBeqeHb! Ha puc. 1—4. Bce u3mMepeHua Ha MOY JIALLMOHHOM 
pelekToMetpe (2) MpousBO,uINCh BOH3H TeMMepaTypbI 3aTBepeBaHHaA (Kpu- 
cTaluM3alun). Ja cpaBHeHHA TOUKAaMH 6 Ha TeX XKe PHCyHKaX HaHeCeHbl JaH- 
HbIe NO JIYYeHCHYCKAaTebHOM CHOCOOHOCTH B 2KHAKOM COCTOAHHH, MOJYYeHHbIe 
MeTOJOM CpaBHeHHA H3JIYYeHHA MOBEPXHOCTH MeTaJIJIMYeCKOM BaHHbI C H3uyue-— 
HH€M YepHOro Teva, B paOotax: (”) — Ia Mequ u Cepe6pa, (3, *) — za 2xeNe3a; 
JaHHble JWI HHKeJIA B3ATbI H3 TaOJIMIUbI padore! B (°*), 

JA BbIACHeHHA CBA3H M@XKAy JIYYCHCNYCKaTeJIbHOM CNOCOOHOCTbIO MeTaJI- 
JIOB B XXHKOM H TBEPAOM COCTOAHUAX Ha STHX 2He PpadukaxX CBeTIIbIMA TOUKAMH | 
HaHeCeHbl 3HAYCHHA JIYYCMCNYCKATCJIbHOH CNOCOOHOCTH, BBIUHCJICHHbIe 10 JaH- 
HbIM JWISl CI€KTPaJIbHbIX KOSPPHUMCHTOB OTPaxKeHHA JIA TeX %Ke MeTAJIVIOB, 
MIpH KOMHAaTHOK TemMepatype, MOMYYeHHbIX B paOotax (%-12)**, : 

IIpu cpaBHeHHH NOMYYeHHBIX Pe3yJIbTAaTOB Mpexkye Bcero OOpalllaer Ha ceOs 
BHUMaHHe OTCYTCTBHe CyLeCTBeEHHOFO pa3/IMYHA He TOJIbKO B XapakTepe cmeK- 
TpaJIbHOrO pactpeseeHuA, HO H B UYHCJICHHBIX 3HaveHHAX KOSPpPUIHeHTOB 


* Jia u3sMepeHnit B BHAMMOM OOacTH HCNomb30BaIca CYPbMAHO-HesHeBbI ChOTOSIeMeHT. 
** UepubiIMH TO¥KaMH O6O3HAYeHI LaHHble AIA MeTadIMuecKHX 3epKaJl, OCYIMLeCTBJICHHBIX 
MeTOJOM Haliblienus. 
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YeHCMYCKaTeJIbHOM CNOCOOHOCTH IH TBEPMOrO U XHAKOFO COCTOAHHH y BCexX 
Cle€AOBaHHbIX ME€TAJVJIOB B BHAMMOM OOlacTH cneKTpa. 

YBeMYeHHE JYYeHCHYCKaTebHOH CHOCOOHOCTH MeTAaJIJIOB B XUKOM CocToR- 
HH 110 CpaBHEHHI0 C TBEpAbIM B OJIM3KOM H.-K. OOIACTH CneKTpa KaYeCTBeHHO 
D-BHMMOMY, MO?KHO OObACHHTb TeMMepaTypHbIM (akTOpoM, R yacTHoctn, 
4 r 
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| 
BMCHCHHeM 9JIeEKTPOMpOBOMHCCTH Cc TeMNepaTypou. Sto HaxXOJuT HeKOTOpCe 
ITBEp2KCHHE B QKCICPHMCHTAJIbHbIX AHHDIX (rouku 6) no sJyyencmycka- 
KHOI COCOOHOCTH HuKenA mpu Temmepatype 1110° u Menu mpu 900°, no- 
yeHHBIX B (1%), Anaornunple (1%) pesyuIbTaTbl MOAYYCHD! E (14), Jaa xesesa 
bu Temmepatype 1245° pesyibTaTbl, MOJIyHeHHBIe B (18), Tako OTYeTJIHBOK 
bpTaubi He galor. BosMoxKHO MpHYHHOH STOTO ABIACTCA, C OJHOH CTOPOHHI, 
OCTATOUHAA CTeMeHb YHCTOTHI XeeCSHOM BaHHbI B OMNbITAX IO pecbieKTOMeT- 
HH, a c Apyrol, — HysleBoe 3HayeHHe TemmepaTypHOrO Kos puuneHta Jy yexc- 
WceKaTebHOl CIOCOOHOCTH 2Kesesa, KOTOPOe, NO AaHHbIM aBTopa ('3), cooTBet- 


hByeT JiHHe BONHEI NopayKa 1,3 }. 
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TemmepatypHblli Xapakrep H3MeHeHHA JIy4eHCnycKaTebHO CMOCOOHOCT 
MeTaJJIOB B XKM.KOM COCTOAHMM KaUeCTBCHHO UJIVJIIOCTpHpylOT Tak*Ke JanHble 


Wi 0 20 3 4 50 60 70 8 W WY.Cu 


ih = 


Puc. 4 


AOJTYYCHHBIC WIA pacnaaspa NiCu mpu A 0,65 w B (7°); mocmeqHue XOpOWO NO 
TBEPKMaloTcd Pe3yJIbTaTaMH, NOJYYCHHHIMH JIA CMaBOB TOrO »%Ke COcTaBa H 
MOJYJAWHOHHOM peduiekToMeTpe* mpu A 0,62 tr. 


Tlocrynuao 
SI IM959 
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Woruagn Akagemun HaykK CCCP 
1959. Tom 126, Ni 4 


KPHCTAJIJIO[ PA®H A 


JI. TY. BEPP u WM. H. ABEPKC-AHTOHOBHY 


O MIPHPOJE CBETHMOCTH MPAMOPA 
| (I]pedcmaéaeno axademuxom A. E. Ap6ysoeum 19 XI 1958) 


JIMa3, MpaMop, docopuT, M1aBMKOBbI WimaT) Np HeOOMbIIOM HarpeBaHHH 
K. OTO ABJIeHHe NOJYYHO Ha3BaHHe TepMOJHOMHHeCleHuuM. TepMomomnHec- 
PHUMA — Mpolecc HeoOpaTHMbI, BCJICNCTBHE 4YeFO KPHCTaJIJbI, OJUH pas CcBe- 
{BLIMeCA, TepAIOT CIOCOOHOCTh CBETHTbCA B JlaJIbHeHIMeM, T. €. pH MOBTOPHOM 
Les OHH y2Ke Ooubule He cBeTATCA (*). OHaKO B JIMTepaType uMerOTCH 


B anutepatype (*) 2aBHO OnvCaHbI ABJICHHA CBEYCHHA HEKOTOPbIX BELeCTB 


kasaHua (*), WTO TAKE BEleCTBa MOFYT BHOBb IpHoOperaTb yrpayeHHyto cio- 
OHOCTb CBETHTbCA MOL BJMAHHEM HEKOTOPHIX «BO3OyAuTeNel» (HalpuMep, 
sCTOBbIX HJIM KaTOJHBIX JIy4en). 
Ilo coBpemMeHHbIM MpescTaBJIeHHAM, TeCPMOJNOMHHeCIeHLUA OObACHAeTCA 
eo oOpa3om. [Ipu morjomleHHu ocTaTOUHO KOPOTKOBOJHOBOrO CBeTa 
HeEMPOBOAAMIMX BeleCTBAX MPOHCXOLUT OTPbIB 9JIEKTPOHOB OT aTOMOB (HOHH:- 
Wu). OTOPBaBLIHeCA JJICKTPOHbI MOFyT JIOKaJIM3OBaTLCA BOJIM3H KaKUX-JIM6O 
(PEKTOB KPHCTaJIMYeCKOH pelleTKH, IpHYeM JHEPreTHYeCKOe COCTOAHUE ITUX 
f@KTPOHOB ocTaeTca Oosee BbICOKMM, 4eM HOpMasbHoe. J]a ocBo6oxweHHA 
€KTPOHOB C MCCT JOKaJIH3allMuu TpeOyeTcs HeKOTOpad S9HEPlHA, KOTOPas MO- 
eT YeplaTbCA U3 TeMMOBOH SHEPrHN Tea pH MOBbILIeHHH TeMmMepaTypEl. 
Hamu Ha6u0am0cb JOBOJbHO ApKoe CBeYeHHe MpHpOLHOrOo MpaMopa MpH 
IPpeBaHHH ero Jo Temnepatypbl ~ 180—200° u Opium ucceqoBaHbI HeKOTOpbIe 
(OHCTBa OOpa3lloB WO cBeYeHuA M MocMe ero peKpaujenuA. Tlomyyenupie pe- 
(IbTaTbl TPyAHO COrslacoBaTb C MpHBeCHHbIM BbILIe OObACHeCHHeM MIPHUHH 
‘eruMocTH. HwxKe MpuBOAATCA pesyJIbTATbI MCCMCOBAHHA HEKOTOPbIX CBOHCTB 
PaMopa 0 u Mocue cBeyeHHA H HOBOe OObACHeCHHE MPH4HH CBETHMOCTH. 
Tins uccaeqoBaHHud ObWIM B3ATbHI pa3JIM4HbIe OOpasibl OT KPyNHOKpHCTaJIM- 
‘cKoro lO MOUTH MAKPOKPHCTaJJIMYeCKOrO MpaMOpa OTEYeCTBEHHOLO, a TakxKe 
*KOTOpbIe OMpasllbl MeCTOPOXKeHU ApyruxX CcTpaH (HalpHMep, KappapCcKuH 
amop —Vrasmsa), mpuyem Bce O6pasitbl OOaqasu CiOCOOHOCTHIO CBeTHTLCA, 
> C pa3JIM4HOH WHTeHCHBHOCTHIO. (CBeraATCA JaxKe HCKOTOPHIC BUbI NJIOTHBIX 
BeECTHAKOB, HO 3HaYHTeIbHO Caa6ee.) Bbw MCCJIeqOBaHbI Ha CBCTHMOCTb 
\upyrue @opMbl MpHposxHoro KapOonaTa KaJIbIMA: aPparOHUT MH KaJIbILATOBbIe 
anaKTutTsl. Y HHX HUKakoro CBeYecHHA He Hab1OJaocb. HawOosee apKo cBe- 
JMCb OOpasllbl KPYyIMHOKPHCTaJJIMYeCKOrO MpaMOpa, MIpH4eM Hayao cBeue- 
A HaGwOJalocb y HAX MpH HeCKOJIbKO Oosee HH3KUX TemMepaTypax. Bpems, 
TeueHue KOTOPOrO HaGsmOJaeTcA CBeYeCHHe MpaMOpa, 3aBHCHT OT BesM4MHbI 
cKa WH JwIuTCA (mpu TemmepaType 160 —200°) B TeueHHe Noyyaca u Oouree. 
puc. | npeactapien cBeramulcs oOpa3zel, Mpamopa, ccbororpacu poBaHHbiit 
MOJHOCTHIO 3ATEMHEHHOM MOMELLeHHH 3a CuUeT COOCTBEHHOTO CBeTOBOFO U3sy4e- 
a. Jlanee Obi uccmeqOBaHbl HEKOTOpbIe PU3HKO-XHMHUCCKHE CBOHCTBAa Mpa- 
bpa Jo cBeyeHua u mocie ero oKOHYaHHA. Bein CHATHI TepMOrpaMMbl, PeHT- 
HOTPaMMBl, H3YYeHbI OObeMHBIC H3MeHeHHA, MpOTeKalollue B Mpolecce CBe- 
HHA, H Me€XaHHUeCKad MPOYHOCTS Ha H3JIOM HO H NOCHE CBCYeHHA. 
Tepmorpadbuyeckne ncceqoRAaHNA ObWIM MpOBeAeHbI C WebIO BbIACHCHHA 
mpoca 0 TOM, CompoBoxaeTcA JM MpOlecc CBEYCHHA TEIJIOBDIM aspcpeKTOM. 
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Uccnenopanus MOKa3aiH, YTO HHKaKHM 3aMeTHBbIM TEMJIOBbIM S=pPeKTOM CBe- 
yeHHe He COMPOBOMKAaercs. 

Pentrenorpaduyeckoe McCuIeqOBaHHe KPHCTaJJIMYeCKOrO MpaMOpa MOKa- 
3aJl0, UTO JIMHHH Ha peHTTeHOrpaMMe C OOpaslOB MpaMOpa JO HM NocJIe CBedeHHs 
HECKOJIbKO OTJIHUaIOTCA: JO CBEYCHHA OHH Pa3MbITbI, a MOCJIe — CTAHOBATCH 
6omee pe3KO OYePYCHHBIMH. 

Ucnuitanne OObeMHBIX H3MCHCHHH 3aKJOUaJIOCb B TIUaTeJIbBHOM H3MepeHHl 
qWIMH OpycCKOB MpaMopa NO TpeM NepneHAHKYJAPHBIM HalpaBJeHHAM JO MW NOCHE 
cpeyeHna. Usmepenusi MpOu3BOAWJINCb B OOOHX ClyYaAX MPH KOMHATHOH TEM 
nepatype. Pesymbrarbl MOBTOPHBIX H3MepeHHH MOKasaM, YTO OObeM MOCUe 
CBeuYCHHA YBeIMUHBaeTCA B cpeqHeM Ha 0,0%. 


IIpumeppby 
1. lo cpeyenua 19084,93 mm? 100% 
Tlocme cpeyveHua 19188,00 mm? 100,54% 
2. Jlo cpeuenua 64172,53 mm? 100% 
Iloene cpeyveHua 64467 ,64 mm? = 100, 46% 


V3mepeHua MpOuHOcTH UCXOAHOrO MW MpOCBeyeHHOFO MpaMOpa Ha H3JIOM M0- 
Ka3asId pe3KOe CHM)KeHHe MpOuHOCTH OpycKoB mocme cBeyeHHA. Tak, eCJM, 
HanpuHMep, OpycoK faBaJI MpOuHOcTbh H4 
H3JI0OM 25—27 kr/cM?, TO mocle CBeYeHHA 
TIpOuHOCTh ero He MpeBbiuiasta 9—10 Kr/cm 
T. €. IPOYHOCTh Ha H3JIOM MpaMopa MocJI 
CBCYCHHA COCTABIAJIa JIMWb 37% OT mpou 
HOCTH HCXOAHOFO OOpasila. 

PesybTaTbl MpOBeACHHBIX HWCCJIeLOBA 
HHH He MOryT ObITb OObACHEHbI TepMO- 
JuOMHHecleHuMeH. Mbt cuuTaeM BO3MOXK- 
HbIM JaTb Apyroe OO6baAcHeHHe MpHUHH 
CBETHMOCTH MpaMOpa: MpaMOp, Kak nopoya 
MeTaMopdoreHHad, OOpa3yeTcaA NOX BJINA- 
Puc. 1. Cperamulica KycCOK Mpamopa HH€M CHJIbHOTO JlaBJICHHA (zu, BO3MOXKHO, 


~ 
C 


W30€2%KHO JOJKHO BJIMATb Ha KPHCTaJJIMYeCKY!IO pelleTKy KapOOHaTa KaJIbIIMA, 
HECKOJIbBKO WeOpMupyA ee H, BO3MOX%KHO, MaKe yMeHbWIad OObeM KPHCTa 
guyeckoH maccbl. I]pH HarpeBaHHH MOXeT MpoOH30HTH BOCCTaHOBJIeHM 
HOPMa/bHOM KPUCTAJIIMYeCKOH CTPyKTYPbl KasbuUUTAa. ITO, ecTeCTBeHHO. YMeCHBs 
IMT MpOYHOCTb CBA3H OTJCJbHbIX KPHCTAJIJIOB, YTO NOLTBEPKMaeTCA pe3KMM 
YMeHbIICHHEM MIpOUHOCTH OpycCKOB MpaMOpa Ha H3IOM. O2HOBpeMeHHO MpoHne 
XOQHT, MO-BHAMMOMY, TPCHHe Me@K]y OTJCJIbHbIMH KPHCTaJIaMH, YTO MOXKET 
COMPOBOXKNaTbCA CBeYeHHeEM (TPHOOMIOMHHECHEHIUN A). 

YpesmueHne OObeCMa MpaMOpa Tlocme CBeYeHHA Take MerKO OObACHAETCA 
«paclipAMJIeHHeM» JeOPpMHPpOBaHHOHM KPHCTaJVIMYeCKOH pellerKH. 

Fie OHO MOATBEPXKTeHHE H3JIOXKeCHHOTO OObACHEHHA CBETHMOCTH — 3T 
OTCYTCTBHE CBEYCHHA B CTaaKTHTe, MpeACTAaBJAIOWeM COGOli KpHCTasMYeCKHE 
KapOOHaT KaJIbUMA (KabIMT), OCOpasoBaBlUMHcA U3 pacTBOpa Ha NOBep XHOCTH 
3e€MJIN, TC KPHCTasJIMYeCKad pellleTKa ero He NOsBeprasach TepopmMalun. 

OOpa3ubl MpaMopa, HarperTble HM OTCBeETHBLIHe OZMH pas, mo_Bepranuck 
oOMYYeHHIO YbTpapuoNeTOBLIMH, KATOXHBIMH HM PeHTTeHOBCKMMM JIyyaMu, Ht 
CMOCOOHOCTb CBETHTLCA Y HUX He BOCCTaHAaBJINBalacb. STO H MOHATHO, Tak Ka 
BOSJCHCTBHE KAKHX-JIHOO JIyYeH HE MOXKET H3MCHHTH OOBEM UI ecbopmu posat 
KPHCTaJIMYeCKYIO PeLIeTKY KaJIbIUTA. 


KasaHcKuit rocyapcTBeHHBIlt Tocrynuso 
yHuBepcuteT um. B. HM. Yaeauopa-Jlennna 12 XI 1958 


WHMTHPOBAHHAA JIMTEPATYPA 


a 1 2 Wiedem as Ne G. C. Schmidt, Ann. Phys. Chem., 54, 604 (1895 
‘ puuHreum, M. oredb, JIOoMMHeCHeHIMA KMIKUX MH TBepLLIx Ten, VI, | 
30. I. Xpoapbcon, Kype cusuxn, 2, 144, 1923. e ; a 
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Jlokxnxann Akanemun Hayk CCCP 
1959. Tom 126, Ne 1 


XHMHA 


A. A. BEPJIMH, Tr. JI. MOMOBA n E. ©. HCAEBA 


YCCJIEXTOBAHUHE NOJIMMEPH3ALMH M CBOMCTB CMEWAHHbIX 
| MOJIMI®HPOB AKPHJIOBOFO PATA 


(ITpedcmaeaexno axademuxom A. B. Tonuueesim 2 III 1959) 


Pavee coodulalocb O CMHTe3€ HOBOM Tpynnbl NpOuSBOLHHIX akpHwOBoro 
la —nommedpupakpusatos (*). 
B wacrostijem coooujenun ccleqOBalacb CBA3b MexKLy CrTpoeHHem momnadup- 
ae MX CIOCOOHOCTbIO K TPeXMepHOH NoJMMepHsallMH H (p43HKO-Mexa- 
1€CKHMH CBOHCTBaMH TOJIMMepos. 
B kKauecTBe OObEKTOB HCCJIE(OBAHHA BSATHI JMMeTaKpusaT-(OuC-STHIeHTIH- 
pene, JMMeTaKpHlaT-(ONC-JHSTHJICHTIMKOJIb)-pTalaT, MAMeTakpuJaT- 
C-TPHSTHJICHIIHKOJIb)-pTalaT, TMMeTakpu- 
*-(OHC-TPHSTHJICHI IH KOJIb)-CeOallMHaT, TeTpa- 
‘akpHJiaT-(O“c-riMWepHH)-Tralat wu TeTpame- 100 ig 
[puwlaT-(OuC-rJIM WesM H)-ceOalu HaT. 
‘Yka3aHHble BeLICCTBA OTJIHUAaJIHCb BeJINUH- 
ii M YTHOKOCTbIO rpynn, OOpa3syloulu“x mone- 
IHbIC CBA3H IpOCTpaHCTBeEHHOH CTpyKTypbl 
IMMepa, a TakxKe YHCJIOM peaKIMOHHOCiO0CO6- 
X JIBOHHbIX CBA3eH. 
Tlomumepu3auuaA mpoBosusacb B 6m0Ke npH 
mmepatype 65 u 20—25° B npucyTcrBun me- 
KHCH OeH30HJAa. 
'B pe3yibTaTe H3yYeHHA KHHETHKH MOJIMMe- . 
Balu OblvIO YCTaHOBJIeEHO, YTO Mpouecc Mo- 26 6 8 0 12 hvac 
MepusalluM TeTpa- HU OKTadyHKUMOHAaJIbHbIX GfeMa 
IHoUpaKpHaTOB BO BCeX CJyYaAX MpOxo- MOMEMEDE5 AUC 
I C HHYKIMOHHBIM MepHoyoM, B TeyeHHe Phot 
‘Oporo BA3KOCTb H NOKa3aTe/b NpeJIOMJICHH A 
‘H3MeHHJIUC. 
B nocaezyroumu nepvox uMeio MeCTO MIHOBeHHOe %KeMpoBaHHe Bceli 
‘Chl MOHOMepa C MOJHOM moTepeli TeKyYeCTH MU MepexOJOM B HEpACTBOpUMEIe 
XMePHble MOJIMMepbI. 
Jad BbINCHeCHHA BJIMAHHA MOJeKYJIAPHOM GyHKUMOHAbHOCTH mMOMMadup- 
bee Ha HX CMOCOOHOCTh K TPeXMepHOH NOJMMepH3alHH CpaBHUBaIH 
pocTrH nowMMepH3auHH OKTadpyHKUHOHAJI_HOrO TeETPaMeTakpH1aT-(OnC-TH- 
uu)-brasata (puc. 1, 1) u TerpadyHKUMOHaJbHOrO qumetakpuuat-(Ouc-Tpu- 
JICHTMKOMb)-rasata (puc. 1, 2). Kak BuqUM, C YBeJIMYeHHeM YMCA [BOU- 
CBA3eli CKOPOCTb NOsMMepH3alHH SPMpOB Pe3KO BospacraerT. 
OxrabyHKuMoHaJbHbBle momuapupakpuaTbl (TeTpaMetakpHJlaT-(Ouc-riae- 
i)-pramaT uM -ceOauuHaT) B OTJMYHE OT TeTpadyHKUMOHAJIbHbIX MOMMSup- 
)AMATOB CHOCOOHLI B IIpHCYTCTBHM MepeKHCH OeH3OH1a OOPasOBbIBaTb CTEKJIO- 


a3HbIe MomuMepEI mp 20O—25° (puc. 2). 


Paccmorpenue KpuBbIx puc. 2 MoKasbIBaeT, YTO TPH MOMMMepHsallMM OKTa- 
IKUMOHAJIbHbIX MOMMSpUpaKpHMAaTOB MpH TemMMepaType 20-25" B MNPHCyT- 
nu 1%-i nepeKucn GeH30HJIa Yepe3 MATb CyTOK OOpasyerca 70% HepacTBoO- 
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pumoro nomuMepa. JlanbHeiuiad nomMMepu3allHA MpOXOJMT Me/WICHHEC. Br 
XO, HepacTBOpHMoro NowHMepa ocTuraeT 82—85% tTombKo yepe3 15 CYTO! 

CpapHenne KpuBplx J u 2 puc. 2 MOKa3bIBaeT, YTO CKOPOCTb NOJMMCPH3allMl 
PasJIMUHBIX 9PUPOB OLHOM U TOM 2Ke (PyHKUMOHAMbHOCTH 3aBUCHT OT YasIeCHHOCH 
peaKWMOHHOCMOCOOHBIX Tpynm Apyr oT Apyra. 
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Boema nonumMepusauul 


Puce. 2 


Tak, TerpaMerakpuaT-(6uc-riMuepHH)-ceOaluunaT (KpHBad 2) MouIMMepy 
B3YeTCA MeJICHHee, UeEM TeTPpaMeTaKpHsaT-(6uc-riMuepHH)-pramaT (KpuBan | 
UTO MOXKHO OObACHHTh MIPOCTPaHCTBeHHbIM BJIMAHHEM paluKaJla, 3aKJIIOUCHHOE 
MexK]y TBOMHbIMA CBASHMH MOHOMEepa. 

B mpomecce paOorbl OblI0 ycTaHOBJIeHO, UTO KHCMOPOR BO3AyXa HHTuOUpye 
peakWuio MOMMepH3anuud MomuapupakpusaTOB, a BBeqeHHe CHKKaTHBa (CHK 
KaTuB 7640—35,5%-H pacrBop B yaliT-cHMpHTe cnaBa pe3sHHaTa KOOaJIbTA | 
BBICBIXAIOWIMM MaCJIOM H CBHHILOBO-MapraHeBbIM JIMHOIeaTOM) yCTpaHAerT 9% 


Basa 9). 

Bpixoq HepacTBOpHMOrO NOJHMepa Yepe3s NATb CyTOK MocTurant 85% u UE 
pes 10 cyrox 92%. JlanbHetmaa BEIyepxKa B TeyeHue 20 cyTOoK mpHBoqusa } 
YBeJIHYeHHIO BbIXOa MOJMMepa TOKO Ha 3%. i 

PasJIMune B CTPOCHHN NOJMPYHKUMOHAJIbHbIX CMEWIAHHbIX 3:HPOB MeTaKp! 
JOBOH KUCJOTbI O€3YCIOBHO JOJKHO OTPa3HTbCA Ha BeIMUMHE OOBEMHBIX ycafo 
MpH MOJMMepH3alud WU Ha (U3SHKO-MeXaHHYeCKHX CBOHCTBaX MOJMMepOB. — 

Mcceqopanue KHHeTHKM yCaOUHbIX ABIeCHHH Tp nOomMMepHsaluu NOs 
a:pupakpHJIaTOB NMOKa3ao: 

1. B paqy TerpayHKuMOHaIbHbIX 9:PupOB C YyBeMYeHHeM paccTOAHk 
M@KTY PYHKUMOHAJIbHBIMH TpynmaMH OOBeMHbIe ycaqKM yMeHbuIauCch. T: 
TuMeTakpuJlaT-(OHC-STHJIEHTIHKONb)-pTalaT HMe OObeEMHYIO ycalKy, paBHy 
5, 4%, a MUMeTakpulaT-(OUC-TPHSITHCHT IN KOMb)-ceOauunat 1,6%. Sto yxKa3 
BaeT Ha TO, 4TO C YBeJIMYCHHeM PacCTOAHHA MEKZY TBOHHbIMA CBA3AMM B MOC 
Mepe OOpasylorcA MOmMMepbI C Oomee PbIXOH ynaKOBKoH MakpoMomeKyst (7) 

2. B psaqy oKrapyHKWMOHaIbHbIX NoOMaPUpakpwwaTOB W3MeHeHHE pal 
CTOAHUA M@KAY NapaMH JBOHHbIX CBA3CH NpaKTHYeCKH He BIMACT Ha OObeMHI 
ycaqKH pH momuMepusauuu. Tak, TerpamerakpuuiatT-(Ouc-rmuepun)-ore 
Jat WM TeTpaMeTakpuJiaT-(Ouc-Trimmepun)-ceOaluHaT MMeIM paBHylo ycam 
(0,5%). 

OTOT *bakT HaXOJMTCA B MOIHOM COracHH C MOJO*KeHHeM O BUIMAHUH } 
OObeMHbI€ ycaqKH Mp TpeXMepHOH NoOMMMepHsalHH BeHUHHEI MH THOKOC 
«CIUMBalolux Tpynn». . 

J[eficTBuTeibHO, yHaleHHe JUMeTaKpUaTTIMUepHHOBbIX py B MOmeKYs 
MCCCMOBAHHBIX OKTaPyHKUMOHAJIbHBIX NOMMSPUpakpuNaTOB He M3MeHsAeT P 
CTOAHUA Me2KLY NapaMH COCeqHUX WeneH WM, C1CTOBaTeIbHO, MpakTHueckH 
CKa3bIBaeTCA Ha M3MCHCHHH OODeEMA Ha MepBOH CTaquM TpexMepHoH nosmMMeE 
3allHH MOHOMepa. 
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Bumanue crpoenun nomubyHKunonabHErx SPUPOB MeTaKPHJIOBOH KHCAOTEI 
(usu KO-MexaHnueckue CBOHCTBa HOJMMepbIX TIposyKTOB XapaKTepH30Ba/u 
MYMHOH YACIbHOH yapHOH BaASKOCTH uM TBepyocTu. JlanHDIe UucHbITaHUli 
MKO-MexaHHYeCKHX CBOHCTB MOJIMMepOB MpHBexeHbI B Ta6n. | 


° 


Ta6Oauua 1 
®u3uko-MexaHnueckue cBolicrBa MOJIMMepoB* 


Yq. yuapu. Ba3- 


TBepyxoctb no Bpu- 
KOCTb, KI'/em-cmM? 


Tlomume 
P HewO, KI'/mMM2 


1 TlonutpustusenrinkorbAuMetak pusnat PPA 10,9 
2 Tlommqumetakpuanat-(6uc-sTHAeHTANKOMN)-pta- 
mat 6,0 24,0 
) Tlomuqumetax puat-(6nc-.uaTHIeHrANKob)- 
(raamat 10,8 26,7 
| 4 Tlonumerakpuar-(6uc-TpvaTHAeHrAUKON)- 
i (pTanat 19,3 30,5 
13) Tlomumerak puviaT-(6uc-TpvaTHeHrUKOMNb)- | 
ceOaluHat 25,0 40 


* TlomvMepbi HelmaBKue, HepaCTBOpHMBIe, BbIep2%KUBAalOT HarpeBaHue Zo 220—260°. 


JA3HBIX MOJHMePHbIX NOMMSPUPaKPHaTOB BO3pacTaeT C YMeHbIMeHHeM MVIOT- 
°TH YNaKOBKU CIUMTHIX WeMHbIX MaKpoMOweKy (onbITEI NeNe 1—4) u yBenu- 
aHeM THOKOCTH ClUMBalOWWNX Tpynn (onbiTEr NeNe 4 uw 5). 

Tloppmuenue TBepocTu c yBeJIMYeHHeM BeMYHHbI HW THOKOCTH MOMepeuHbIx 
K3eH, 10-BHJHMOMY, eCTb, CJI€ACTBHE YMeHbINeCHHA BHYTPeCHHHX HallpsxKenud, 
TYHO BO3HHKAIOWHX BCJIeEACTBHE OOBEMHBbIX ycajlOK TIpH mepexoye OT MOHO- 
ba K MOJHMepy. 

|TakuM oO0pa30M, MomHapupakpHaTbI OTKPhIBAIOT BO3MOXKHOCTH NOYYeHHA 
TIMMe€POB C MHHHMaJIbHbIM H3MCHEHHEM OObeMa H COUCTAHHEM BBICOKOH TeMJIO- 
MHKOCTH, TBePOCTH WH yapHOli BASKOCTH. 

|B 9TOM OTHOWIeHHH MOJHMepbl NoWMapUpaKPHAATOB HMEIOT 3HAUHTEJIbHbIe 
EUMYUIeCTBa Tepe] H3BCCTHBIMM THMAMM HeMJIaBKAX MOMMMepHBIX MpOLYKTOB, 
) OTKPbiBaeT Tepe HaMH WHPOKHE TepCNeKTHBbI MPHMeHeHHA B KavecTBe 
ASY TOLL X APMUPOBaHHbIX WJIaCTHKOB, JIMTbeBbIX Macc, KOMMayHROB, KOM- 
H€HTOB KJI€eBbIX HW JIAKOBbIX KOMMOSHIMM, CMelMaJIbHbIX NacT M ApyruX THNOB 
JIMMePHbIX MaTepHavoB. 


| BeecorosHbl HaydHO-HCCJIeMOBaTeIbCKMH MHCTHTYT Ae 
ABMallHOHHBIX MaTepHaJIOB 


bot BHMM, YIeibHadt yapHaA BA3KOCTb HM TBepfOCTb HelMaBKHX CTeKJIO- 
} 
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qd. Jl. TOJIbI®APB, M. M. MOJIOHCKAS, B. M1. SABPHUHbIA 
u HW. ® WAJIABHHA 


BOCCTAHOBHTEJIbHOE AILETHJIMPOBAHHE HATPOCOEAMHEHHH 
PATA THO®EHA B MIPHCYTCTBHH CKEJIETHOrO HHKEJA 


(IIpedcmasaeno axademuxom B. A, Kasanckum 25 II 1959) 


Panee (1) Hamu ObII0 MOKa3aHO, ITO pu AeHCTBUA CKeJIeTHOTO HUKEIA (Nix) 
Ha 5-HuTpo-2-TnuoteHKapOoHoByio KucoTy I oOpa3yTca 6-aMHHOBaJlepHas 
HOBad KucsoTa. Bpixog ee, OHAKO, Obl He3HAUHTeJIbHBIM. Hicxogqa u3 TOPe 
HaGJUIOJeCHHA, UTO PHAPOTeHOMH3 aALLeTHAMHHOKUCOT PAA THOPeHa TMpoTe 
KaeT C JIYUIMM BbIXOJOM, YeM PHpOreHOwIH3 COOTBETCTBYIOUIMX HM aMHHOKHC: 
jot (*), MbI ClelaJIM MONbITKY MOBICHTb BHIXON, HCMOb3yA B KayeCTBe CpeTB 
WIA peakunHu yKCycHbIli anrugpuy. B stHX yCOBAAX MPOM@XKYTOUHDIN NpOAyKT 
5-aMvHO-2-THOeHKapOOHOBaA KHCIOTa MOrIa Obl OOpasoBaTb Oowlee ycTorHuMe 


ONarOnpHATHO CKasaTbCH Ha BbIXOMe alu*aTHyeckOH  alleTHMaMMHOKHCJOTEI 


Nels 
& anne { | AWK CH,CONH(CH,),COOH, 
O,N% °S’ \COOH oe cals CHSCONE COGH . 
U 


Oyuako u3 cMecH, OOpa3zopaBllelica Mp peakUMu, HaM yJalocb BbI eHTB 
JMWb alleruamunokucsory Il. Tak kak nociequaa mpu felcrBuu Nix B BOJ- 
HOM cpege (°) oOpa3yer III, To u3 WaHHbIx Halllero oMbira cmeqyeT, YTO yKCye 
HbIM aHruspHy Aelicrpyer Ha Nix Kak Ha ecysbtypu3yloulMii areHT J\e3akTH 
BUpylolle. QTOT BbIBOA NOATBepAWJIcA M Ha Apyrux upwHMepax: 2-HuTpoTHode: 
M 4-HuTpo-2-THoeHKapOOHOBad KHCIOTa Tak>Ke OOpa3yioT pH HarpeBaH¥e 
c Nic B ykKCyCHOM aHrHypuye coorBerTcTByiollne alleTulaMuHocoeMHeHHA, 
a 3,0-J[MHUTpO-2-MeTHJITHOPeH BOCCTaHaBJMBaeTCA JO alleTuJIaMHHOHUTpONpo- 
u3BOAHOrO. TakuM OOpa30M, B YKa3aHHbIX ycuOBHaxX peakiuaA Nix C HUTpO- 
IpOH3BOAHbIMM THOeHa OCTAHaBJIMBaeTCA Ha CTaMu OOpa3s0BaHHA alleTHJaMu- 
HOCOC]\MHEHHA, MHbIMH CJIOBaMH, Mpolecc CBOAHTCH K BOCCTAHOBHMTeCJIbHOMY 
alleTHJIMPpOBaHH0. : 

Buusanue pacTBOpHTejA Ha BOCCTaHOBHTeJbHbIe cBOlicTBa Nix Mp rH Lpo- 
reHOJIM3e TMpOMSBOAHbIX THO@eHa OTMeYaOCcb paHee (+), HO O cmoco6HOcTH 
yKCyCHOro aHrupuya Mo_aBIATh ecybpypusyroulyo dynKuuto Nix MmpH ero 
AeWCTBMM Ha HHTpOMpousBosHble THOdeHa B JUTepaType, HaCKOJIbKO Mbl HMeJIM 
BO3MOXKHOCTh yOeuTbCA, He yNOMMHaeTcH. VYKaxKeM B CBA3H C 9THM, 4TO 
Halla MONbITKa NMOJIYYHTb alleTHaMuHOKUcOTy II croco6om, mpes.10xKeHHbIM 
JI BOCCTAHOBUTeJIbHOrO alleTHJIMpOBaHHA HEKOTOPbIX HUTpocoezMHeHHii (5) 
a MMeHHO, JeHCTBHeM WHHKa B cpefsle yKCyCHOH KMCIOTHI u ee nen 


57) 


ocTaslacb Oe3ycielWwHOH, Tak KaK NpoOyKT OCcMOWMICH. 

IIpu ugeuTupukaunu 5-aleTusamMuHo-2-THOeHKaPOOHOBOM KHCJIOTHI I] 
MbI CTOJIKHYJIHCb C TEM OOCTOATEIbCTBOM, UTO MIPHBEACHHbIe B JIMTepaType au: 
HbI€ O €€ CBOHCTBAX MpOTHBOpeyHBbI. Xaptadp (°), ccbiiaicb Ha paOory LL reiin- 
Konda u Miouwiepa (’), MpHBOQUT Wiad Hee T. mM. 272—273°, xora OnH yKa3 
BaloT 9STY KOHCTaHTy WIA 4-alleTHJIaMHHO-2-THOeHKapOOHOBOHM KUCJIOT 
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mune uw Apuep (%), onmucbipaad nowyueHne alerusiamuHoKucaotn I] oKuc- 
IHHeM -alleTHJIaMHHO-2-THOpeHatbyernza (IV), tTaKxe IIPHBOAAT WIA Hee 
mu. 271—272°, Tem caMbIM noyTBepxad wu@py, OWH6ouHO MpHBeyeHHyto 
inpradom. Bnepsbie Ha 9TO HeCOOTBETCTBUe OOpaTHIM BAUMAHHe Lumepmau- 
belir u Yuuinc (°), HO mosqHee OHH xe (1°) NpHUIIH K 3aK/IOUeHHIO, UTO B py- 
4X UlreiuKonda Obwia aleTuamunoKucsora I], a ne H30MepHas 4-alleTui- 
fHHO-2-THOeHKapOoOHOBad KuCcOTa. Hakoueu, B 1957 r. Tupydue u Ilan (13) 
JoOUu o nowyyenun II ¢ T. na. 272° ompimeHHem ee MeTuIOBOroO odupa. 
Tlockoubky T. mu. (230—232°) nonyyenHol Hamn alleTHJIAaMUHOKHCJIOTHI, 
‘TOPO B COOTBETCTBMH CO CMOCcOOOM ee O6pasoBaHHA MbI MPHMMCbIBaH CTpoe- 
je II, He copnagana c yKa3aHHOH Bbille (272°), HeEOOXOAUMO OblIO NOATBEPAUTb 
JIOMKEHHE AallCTHJIAMMHOrpynibl B Ape. C sto wesbio alerumamMunHoKucsota 
. WI. 230 —232° Obiia HarpeTa B BaKyyMe; Mp 2TOM B pesyIbTaTe BeKap6o- 
|HJId POBaHHA C XOPOLWHM BEIXOJOM OOpasoBavics 2-alleTHJIaMHHOTHO*EH C T. Il. 
10 —160,5°; usomepHbId 3-aneruamuHoTuoden (!2) umeer T. mut. 147—148°. 
AJIbHeHlee NOATBepxAeHue crpoenua II ya BeuecrBa c T. nA. 230—232° 
IO HalieHO B TOM, YTO NOJYYeHHbIe M3 HeETO METHJIOBbIi M STHOBHIM S*pUpbl 
nem T. nt. 171,5° u 161—162°, rouHo coorgercrBytomlme JMTepaTyPHBIM JaH- 
iM (™', 1°), H pe3KO OTJM4YaJIHCb NO 3THM KOHCTAHTaM OT MOMYYeHHbIX HaMH 
pupoB 4-alleTHaMHHO-2-THOpeHKapOoHOBOH KucsoTH (135—136° u 116— 
7°). BecbMa NoKa3aTCIbHbIM ABJIACTCA M TOT (bakT, YTO ALLeTHJAaMHHOKUCJOTA 
(r. ma. 230—232°) mpu rHyzporeHounse uM MocmexylouleM HarpeBaHHu OOpa- 
jBABWCrOCA MpOAykTa C COMAHOM KUCOTOH Jala xJoprugspaT 6-aMMHoBase- 
{aHOBOM KHCJIOTHI, H3 KOTOPOrO OblIa NOyyeHa 6-6eCH30MJ1aMU HOBaJlepuaHoBan 
cj1oTa. 

B cpere STHX JaHHbIX Y HaC BO3HHKJIM COMHCHHA B OTHOUI€HHH JOCTOBep- 
CTH SKCICPMMCHTAJIbHBIX JaHHbIX Kamneliya u Apuepa (8) (cm. Bre). Yxe 
\Mad BO3MOXXHOCTb OKHCJICHHA albyeruga IV B Kkucnoty II pacrBopom Ge- 
Hla Ka3aJlaCb MaJIOBepOATHOH, TaK Kak B JHTepatype (14) uMeloTCa yKa3aHuaA, 
‘0 APOMATHYECKHE AJIbNerHAbI HE OKHCJIAIOTCA STHM PeaKTHBOM. TeM He MeHee, 
bl COWIH HeOOXOMMBIM MOMbITaTbca BOcMpousBecTH onbIr Kamneiina u Ap- 
pa. IIpu crosuuu ampgeruga IV c peaxTHBoMm @MesmHra JeHCTBUTeIbHO N0- 
| 


| 


BUJICA OCamoK 3akucu Meu. Ilocae orgqemeHusa Ocayqka K (bubTpaTy Oba Jo- 
BJleHa COJIMHAA KuCcsIOTa JO KucOH peakunu™. IIpuH sTOM BbINaJO BeLeCTBO 
. mam. 273—274° (ucnp.), HMeBUIee IKBUBAJICHT HeliTpasM3saluu (9. H.) 188. 
(0 STHM CBOMCTBAM OHO OblIO MOUTH HACHTHYHO MPOYKTY OKHCJICHHA, OMMCAH- 
pmy Kamnelinom u Apyepom (rt. na. 271—272°, 9. w. 182),  Onu3KO 0 3Ha- 
M10 9. H. K aleTuiamuHoKucsiote II (9. H. 185). OmmHnako 970 BelllecTBO He 
epxano N u Su, Kak BbIACHMJIOCb B JaIbHeHUIeM, MmpeqcTaBlao cooor 
(cbt TapTpaT Kaus (T. nut. 273—274°, 9. H. 188,2). Cosqaerca BneyaTmeHue, 
» Kamnelin u Apuep, BcuegqcrBHe cBoeoOpasHoro CTeYeHHA OOCTOATEIbCTB 
bBnaeHHe TeMMepaTyp MWaBsIeHHA HU OMM3OCTb 9. H.), IPHHAH STY KHCJIYIO 
b 3a aleTumamuHoKucsioTy I1**. 
Haum nonbirku okucauTb asbyeruy IV B kucnory II gelicrBuem oKucu 
eOpa, a Takxuwke KMnO, 8 nupHAuHe OKa3aJINCb Oe3yCIeMIHbIMH: B OOOHX CJY- 


X MOIYUaJIOCb HCKPHCTaJJIM3 yIOUleecA OKPpalleHHOe BeLeCTBO. 


IKcNepHMeHTAALHAA YACT SB 


5SAWeTHMAMUHO-2-THUOWeEHKADOOHOBAA KUCNOTA II. 
"mepememmBaemomy pacrsopy 7,0 r HuTpokucaotbl I (T. m4. 157—158°, 
myueHa u3 2-Hoyruodena (1%)) B 175 Ma ykcyCHoro aHTuApHta, HarpeToMy 
40°, mpu6aBeHo OKONO 30 Fr cBexKeMPHTOTOBEHHOLO Nicx. TemnepatTypa pu 
M MoLHANach Wo 85°. Cmecb oxJaxkJasacb 10 60° u Jaslee NepeMelIHBaach 


* B padote Kamnelina u Apyepa 0 MOAKMcCAeHHM He yNOMMHAaeCTCA, HO 6e3 STO onepaluu 
THAMMHOKUCAOTa He Morsa ObI BbINacTb H3 pacTBopa, HMeBIUero UeNOUHy!O peak Ha (e- 


(pTaenuH. ° 
** B paGore (8) qanHble 21emMeHTapHoro aHasusa BellecTBa C T. Mv. 272—273° He npuBeyeH. 
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1,5 uaca npn 65—70°. Tenant pacrsop ordpuiprpospipaica or Ni, ocaqoK 
IIpOMBIBaJICA TOPAYHM YKCYCHBIM AaHTHAPHAOM uM alleTOHOM. OObeqMHeHHBIE 
(bHJIbTpaTbI yMapuBasuch JOCyXa B BaKyyMe, OCTaTOK paCTBOPAACA B pas6aB- 
JICHHOM WeOUH, 3ATeM PACTBOP OTPUJIbTPOBLIBAMCA H MONKUCIAIICA COAHOM KHC- 
Noto. BpmaBline KpuCTaJJIbI OTPHJIbTPOBbIBaJIMCh, MPOMBbIBaJIMCb BOOM HU BbICY- 
wuBasucb. Bec 4,6 r (Bpixog 61,3%). Tlocae KpuctasmM3ayui 43 BObI T. Wd 
230 —232° (pa3a.)*. 

Cpequnii BEIxog (H3 6 onpitos) 47% oT TeopeTHY¥eCcKOrO. 


Hafigeno %: C 45,63; 45,46; H 4,01; 3,85; N 7,27; 7,22; S 17,32; 17,34 
CyHOsNS. Buruucneno %: C 45,39; H 3,81; N 7,56; S 17,34 


Ilpu monpirke oMbWIMTb allerHiamMuHorpynny HarpeBaHuem II c cOAHOW 
KHCOTOH MOyYHTh XMOprugpaT 5-aMMHo-2-THOeHKapOOHOBOH KUCJIOTHI He 
ylasloch; Oespe3syIbTaTHOH OKa3alacCb HM MOMbITKa OMbIJICHHA alleTHJIaMHHO- 
KUCJIOTbI HarpeBaHHeM C pacTBOPOM FHApooKucn OapuA. 

MetuaoBnh 9up ameTHJamMuHOKUCcCAOoTH II. K cye 
neu3uu 3,0 r aleruiamunoKucsoTh I] B 100 ma adupa mocreneHHOo mpHOaB 
JIAJICH SPUPHHI pacTBop 2,3 r WHagsomeTaHa. Bpiewenue a3z0Ta WWIO MeAJIeCHHO. 
Cmecb OCTaBJIAJIacb Ha HO¥b. PacTBopuTeib oTroHaica. B ocTaTKe nNouy4yeHo 
3,3 © BellectBa c T. mi. 165—168°. Ilocne Kpuctasmu3auuu U3 pa30aBJIeHHOrO 
cmupta T. mt. 171—171,5° (ucnp.). JIurepatypHbre JaHHpie ("'): T. mm. 172% 


Haligeno %: C 47,92; 48,13; H 4,63; 4,56; N 7,03; 7,073S 15,93; 15,76 — 

CgH»O3NS. Bprancmeno %: C 48,22; EL Ag Soe N 7,03; S 16,10 
ITHIOBHH IPuUpaneTHAAaMUHOKUNCAOTH II nonyuen Jen 
CTBHEM pacTBOpa ua303TaHa Ha alleTHJlamMHOKuCcOoTy II; mocie mepeKpH- 
CTaJIJIM3alHH W3 pasOaBseHHOrO cmupta T. nu. 161—162° (ucnp.). JIutepatyp- 
Hble JaHuple (1%): T. na. 160—162°. F. 


Haiiqeno %: C 50,57; 50,68; H5,10; 5,08; N 6,75; 6,623 S 14,87; 14,88 © 
CyH1103NS. Brruucneno %: C50,69; H 5,20; N 6,57 S 15,04 


TumgporeHouu3 akeTHAamMuHOKNCAOTH II. K narpe 
Tomy 0 60° nepememuBaemomy pactBopy 3,15 r II B 100 ma Bogb u 30 Ma KOH- 
I[CHTPHPOBaHHOrO pacTBOpa aMMuakKa OOaBANOCh OKOO 18 Tr Nicx, XPaHUB- 
meroca moxq BonoH. IlepememmBanue mpu 65—70° mpogomm«asocb 3 uaca. Ni 
OT@HJILTPOBbIBaJICA H TMIPOMbIBaJICA TenoH BO,oK. DOuNbTpaTbl ynapHBaJIMCcb 
B BakyyMe. OcrtaToK (2,6 r) 3aKpHCTaJIM30BaJICA IPH CTOAHMH, T. 1. 72—73°. 
Tlomyyennoe BelllecTBO pacTBOps0ch B 50 Mi pasOaBuleHHon (1 : 1) HCl, pacrsor 
KuMATHICH 3 uaca, 3atemM HCl orronsviacb B BakyyMe. OOpas0BaBlIniicaA xs0p- 
THApaT ocde mepeocaxkyeHu SsupoOM u3 PacTBOpa B H30MponusOBOM cnupTe 
uMell T. nu. 85—87°. JIurepatypuble Janupre (1°) nia xoprugpata $-aMHHoBa- 
JiepHaHOBOH KUCIOTHI: T. nu. 84—86°. XsopruypaT o6paborKou Gensou xXJOpH- 
OM B mpucytcrBHu NaOH u NaHCO; npespauten B 5-6eH30n/IamuHOBaslepna- 
a KucnoTy c T. mJ. 103—106°. JIureparypupie qaHupie (1°): T. na. 106— 


Hafigeno %: C 65,19; 65,03; H 6,983; 6,94 
Cy2H1503N. Buruucneno %: C 65,14; H 6,83 


FWekapOokcHAuNpOBaHHe AMCTHAAMHHOKNCIAOTHIL. 
1,0 r Il pacnapaanca mp OObMHOM JaBeHHH B IpHGope AIA BakyyMHOH 
cyOMMaluu (Temnepatypa OaHu 230°), pacmiaB BbIfepxuBaca 5 MHH. TIpk 
T. MlJl., a 3ATCEM BOSTOHAJICA MpH Temmepatype OaHu 125—130° nu yaBnenuu 4 MM. 
Ilonyyeno 0,6 r (Bprxoq 80%) 2-anerusiamuHornodena c T. nu. 158,5—159,5' 
(ucnp.). Ilocne nepekpuctanmmsauun u3 CHCl; BemecrBo umeno tT. nu. 160— 
160,5° (ucnp.). [pu aol xe Temnepatype pacnmaBHsacb CMecb 3TOFO BelllecTBE 


* T, M0. 3aBHCHT OT CKOpocTH HarpeBaHua. 
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Opasyom 2-alleTuaMuHoTHodena (T. m1. 161—162°), mpurorosseHHoro m0 
ecTHoMy cmocoby (1), 


Haiigzeno %: C51,07; 50,95: H 5,03; 4; 98°N 957279 6995 27N7 8 won 
eH,ONS. Burncneno %: C51 ,04; H 5,00; N 9,92 Se Tf 


4-AuetTunamuuno-2-Tu opeHKapOoHoBaa KuUCHOTAa. Boccra- 
MTCJIbHBIM alleTHMpoBanuem 9,0 r 4-nurpo-2-ruodenKap6oHoBol KUCIOTEI 
mp 65—70° u Bpemenu mepememimpanusa 14 ac. nosyyeHo 0,96 r (BbI- 
10%) 4-alerusamuno-2-rnohenkapOonoBolt KHCNOTH, KOTOpad Tlocse me- 
PHCTaJNM3alMH U3 pasdaBNeHHorO cnuptTa (c yraem) umena tT. nn. 273— 
* (pasi.). Jlutepatypubie Janupie (7): T. mt. 272—273°. 


Hafigqeno %: C 45,17; 45,37; H3,74; 3,96; N 7,,123.7,25;-S 17,00; 17,49 
IC;H7OsNS. Baruvcneno %: C 45,39; ,H 3,81; N 7,56; Salgg 


MeTunoBHh apup 4-aleTHaMuHO-2-THOmeHKapOOHOBOR 
IC OTH Obl MoyyeH JeticTBueM 7WMa30MeraHa Ha 4-alleTHJIaMHHO-2-THOWeH- 
OoHoByio KHcnoTy. T. ma. 135—136° (ucnp.), nocne KpucranmusannHM 
 BOJHI. 


Haligeno %: C 48,22; 47,98: H 4,58; 4,56; S 15,86; 15,90 
CgH OsNS. Barancmeno %: C 48, 22° JialAs, faaye SHO AC 


|OTHAOBLH S9Gup 4-aneTHmamMuHO-2-THOMEeH Kap- 
PHOBOH KHUCJOTH ObWw nOolyyeH elcTBHeM Jua309TaHa Ha alleTuJ- 
{MHOKHCOTY; T. Mu. 116—177° (v3 BoAbI MH M3 CMeCH H-reKCaHa C 6eH30/10M). 


Haligeno %: C 50,56; 50,71; H 5,27; 5,24;,S 14,97; 14,92 


CyH1103NS. Bpruncmeno %: C 50,69; fal G70 S 15,04 
MuctuTyT opranuueckKoH xHMHu Ioctynuso0 
um. H. JI. 3enuncKoro 16 II 1959 


Akajemuu Hayk CCCP 
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Jlokxagn Arkanemun nayr CCCP 
1959. Tom 126, Ni 1 


A. WH. KAMHEBA, M. A. ®HOWIMH, A. HW. EPBXMEHKOBA, 
10. B. BACHJIbEB u JI. A. MY3bBIUEHKO 


V3Y4EHNME TIPOWECCA 3JIEKTPOXHMHYECKON KOHJEHCAILHH 
MOHO-2-9THJIFEKCHJIOBOrO 3®HPA AJMMHHOBOM KUCJIOTbI © 


(IIpedcmaeneno axademuxom A. H. Ppymcunotm 21 IT 1959) 


[Ipomecc slekKTpOXHMHYeCKOM KOHJeHCalMH MOHOS*PUPOB AMKapOOHOBbIX KUC 
JIOT MpeMcTaBIAeT 3HAUMTEJIbHbIM MpakTHYeCKHH M TeOpeTHYeCKHM UMHTEpeC EF 
CBASH C BOSPOCIe MOTPeEOHOCTHIO B BLICOKOMOJICKYJIAPHBIX JMKAPpOOHOBbIX KHC 
woTax HM UX 3c:upax. Oror mpouwecc mporekaer Ha aHOse Mp dS/eKTpPOMH3e Pa 
CTBOpa COJIM MOHOS@upa B HeBOZHOM HIM BOAHOM aueKTpoMTax (*). B Ha 
cTosuleli paOore Obl BIepBbIe MOJyYeH METOOM SJIEKTPOCHHTesa M-2-3THE 
TeKCHJIOBbIH acdup CeOallMHOBOH KUCJIOThI, IPHMeCHAeMbIM KaK OCHOBHOM KOMMO 
HEHT BbICOKOKaYeCCTBCHHBIX CMa30UHbIX MaTepHaJioB (?). 

HesBoglHble SJICKTPOJIMTHI, HCMOIb3OBaBLUIMeCA paHee JIA MOJyYeHHA MME: 
THOBOrO acdupa ceOallHHOBOH KuCcOTHI (?, 4), He YOOHEI WIA mpakTHyecKore 
HCNOIb3OBaHHA peakWMH QJIEKTPOXHMHUYeCKOH KOHAeHCalMH BCeAcTBHe TPyk 
HOCTH BbIJeIeHHA WHOPupa U3 SIeKTpOMUTa. Kpome Toro, KaK HaM yJaJlOcb ycTa 
HOBHTb, HCMOJIb3OBaHHe MeTAHOJa WIM 9TAHOJIa B Ka¥eCTBe peaKUMOHHOH cpegsl 
WIA MOMYYeHHA WH-2-9THJITeKCHJIOBOrTO adupa CeOalHHOBOH KHCJIOTbI HEBO3: 
MOXKHO B CBA3H C MpOTeKaHHeM peakluu nepesTepudpukawnn. IIpoqyKTamu 9J1eK 
TpOJIN3a B JaHHOM CJlyuae ABJIAIOTCA CMeLIaHHble WHspupbl. Ony6nkKOBaHHble 
paHee JaHHble 10 HCMOJIb30BaHHIO BOJHbIX SJIEKTPOJIMTOB JIA MOJYYeHHA HOTU: 
NoBoro supa ceOalMHOBOH KHCJIOTbI YKa3bIBalOT Ha MaJIbiii BLIXOJ, MpOLYKTOB 
auleKTpocuHTesa (1). 
- OWekTpocuutes Wu-2-9TuIreKkcusoBoro a:upa CeOallMHOBOM KHCJIOTHI B ai 
HOM HCCJICOBAHHH OCYIECTBJIAJICA B BOMHOM SJICKTPOMHTE CIEMYyrIOllero COCTaBal 
300—400 r/a MoHO-2-STHJIreKCHIOBOrO acdupa aqunuHOBOH KucOTH, 30—50 r/ 
K2CO; u 600—700 Ma Bogut. AHOA H KaTo, — nuaTuHoBble. J[uadparma oTcyT 
crpyet. Temnepatypa sulekTpomuta 20—30°. IIlnorHocTb ToKa Ha aHOye H3MeCHA 
J1aCb B WHpOKHX mpeyeax oT 10 0 60 a/aM?, u 6b NOKa3aHO, 4TO B STOM HHTEp= 


BOM KHCJIOTbl — H€ MeHACTCA, a IWIOTHOCTb TOKA BJIMACT JIMIIb Ha COOTHOWICHHE 
MOOOUHBIX MpOLyKTOB aleKTpomusa. J]ia Oonee momHOH nmepepaOorKH MOHO- 
apupa, cofepxKalleroca B pacTBope, HeOOxo,uMO NponycruTb 1,3 Teopernue- 
CKOrO KO/MYeCTBa SIeKTpuuecTBa. Bpixok Wu-2-9THIrekcumoBoro acdupa cebas 
WHHOBOM KUCJIOTbI CcocTaBusl 55% OT TeopeTu4uecKoro. 

Oco6eHHOcTbIO S/eKTPONM3a MOHO-2-9THIITeKCHOBOrO stupa aumMHOBOH 
KHCJIOTLI ABJIA€TCA CHJIbHOe MeHOOOpasoBaHHe, MPHBOAAUICe K YHOCY 93ueKTPO- 
suta. [a ycrpaneHusa neHooOpas0BaHHA Obi IpHMeHeH MeTO, H30/Nupyrouler 
skCTpakllMH. B KayecTBe SKCTparMpyloulero BelllecTBa Ob HCHOb30BaH JH 
STHJIOBLIH SUP, COM KOTOPOTO, HaxOfscb NOBepX SeKTPOMHTa, u3BIeKal 
HeHTpPaJIbHbIe MPOAYKThI WIeKTPOJH3A. 

IIpu sseKTpomu“3e BOQHOrO pacTBopa MOHOSpupa aUNMHOBOl KHCJOTHI 


Ha aHOfle MOryT IIpOMCXOAUTb CHE MYIOULMe TIPOMecchl: 
acs 


OH” —e—> OH (1) 
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ROOC (CH:)4COO~ — e + ROOC (CH;),COO’, (2) 


fe R — CH;CH (C,H) CH, (CH), CHg. 
PaguKkasl ROOC(CH2),COO’, Beposrno, mepexoquT B Gomee 9HepreTH- 
«KM ycTOHUMBOe CCCTOAHMe MyTemM oTUeneHHA CO.: 


ROOC (CH2)4COO'  ROOC(CHz), + COr. (3) 


ps OYCHb BbICOKHX AHOJHBIX NOTeHWMasax, JOcTuraeMbIX Ha IJlaTHHOBOM 
e€KTpofe TipH 3HAYNTEJIbHbIX TMJIOTHCCTAX TOKa, TIPOMCXOMT nlepeBo30yx Je- 


He panukana ROOC(CHz,),, B pesyuibTaTre KoTOporo BO3MOxKHO MpoTeKaHHe 
AKILHU: Pig 2 . 
ROOC(CHz2), + *(CH2)4COOR — ROOC (CHz)3CH” + ROOC (CHz)gCHs. (4) 


| BosmoxxHO, YTO B HEKOTOPbIX CJIyyasxX UCTOURYKOM O6pas0BaHua Oupayu- 
JOB MOKeT ObITh peakunsa (5), 


ROOC (CH2), + OH, 7¢ > ROOC(CH,)sCH” + H,0. 5) 


Bce coeqHHeHHa, OGHapyKeHHble H UACHTHUIMPOBaHHHIe B AaHHOH paoore, 
VIAIOTCA MpOLYKTAMM B3aHMOJEHCTBUA MeX*K Ay paluKaJlamMu, OOpasoBaBluuMHCA 
pe3yJbTate peakuun 1, 3, 4 usm 5. 

B cocrape dpakuuu, BbIKuMarolleli B HHTepBame I0—220°/2 mm, Kpome 
PTHJIFEKCHJIOBOrO Supa BaJlepHaHOBOH KHCJIOTHI, OOpasyrlollelica NO peakWHu 
Obi HalieHbl 2-9THITeKCHJOBbIe 3:PHpPbl OMHOOCHOBHbIX KHCJIOT —OKCH- 
WIEPHAHOBOH WM MeHTeCHOBOM, OOpasylOllHeCA COOTBETCTBEHHO B peaKIHAX: 


ROOC(CH2), + OH,,,, - ROOC (CH2),0H, (6) 
ROOC(CH2)sCH” - ROOC (CH2)sCH = CHp. (7) 


cpeqHeH pakuHH, BbIkHNatollel B Mpemenax 250—260/2 mm pr. cr., IpH- 
TCTBYIOT J\M-2-3THJITeKCHJOBbIA acup CeOalMHOBOH KHCJIOTHI, OOpasyloulMiica 
» peakunu (8): 

2ROOC (CH2), + ROOC (CH:)sCOOR, (8) 


Take Ju-2-9THIreKcHJIOBbIM adpup 4-oKTeH-1,8-quKapOOHOBOM KHCJOTHI 


2ROOC (CHz)3 CH” > ROOC (CHz)sCH = CH (CH2)sCOOR. (9) 


ocrarke OT TeperonKH nO, BakyyMom (cBbllue 260°/2 mm pr. cr.) 0OHa- 
YKEHO COeJMHEHHe, KOTOPOe OOpasyeTCH B pe3yJIbTaTe PeakUMH, MpoTeKalo- 
SH C yudacTHeM Tpex pawHKaJOB: 

(CH2)4aCOOR 
| 2ROOC (CH), -+ “CH (CHz)sCOOR + ROOC (CHz)sCH a (10) 
(CHz)4COOR 


JY Ualoululica Tpu-2-3THJIFeKCH JOBbIH SPH p 5-nponuu-5’’’-kap6oKcu-HoHaH- | ,9- 
Kapcorovot KHCJIOTLI, HaXOACb B CMeCH C AH-2-9THJITCKCHJIOBbIM 9(pH pom 
OallMHOBOM KHCJIOTHI, QOJDKCH YJIyUlaTb e€fO BASKOCTHbI€ XapakTe€PpHCTHKU 
TEPMOOKHCJIMTEJIbHYIO CTOHKOCTb. 

XapakTepHo, uTO cpequ MmpoxyKTOB aeKTpos3a He OOHAPyKeHbI COeMMHe- 
iA, KOTOPbI€ MOIIH Obl OOpas0BaTbCA B pe3yJIbTAaTe B3aHMOCHCTBUA PayH- 
JOB OHane H ROOC(CHe)«COO’,, 7. ©. H2O2z, ROOC(CH2)sCOOOH 4 
OOC(CH2)4COO— OOC(CH2)sCOOR. Hs storo caeqyer, YTO NepeKHCHOBOTO- 
Had TeOpuA sileKTpocuHTesa Komb6e, pasBuBaBllladca B MOCJICAHee BPeMA 
leccTOHOM (°),BjaHHOM cCJlyyae He OlpaB{bIBacTCcA. Ana IOrHNHBIe BbIBOJbI 
eylaJl Ha OCHOBe 3/IeKTPOHHOpamuKasIbHOl TeopHH CyrHHo (°) OTHOCHTeJIbHO 
€MEI 9JIEKTPOCHHTe3a Kovib6e 
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OnHako pH HasMYHH HeKOTOPOrO CXOJCTBa C 3JIEKTPOCHHTe30M Koub 
9JIEKTPOXHMHYeCKaA KOHJeCHCalUA MOHOSPUPOB AHKAapOOHOBbIX KHCJIOT ABJIACTC: 
6oee CJIOXKHBIM MpOWeccoM, H Ha Hee He MOFyT ObITb MOJHOCTHIO MepeHe 
C€HbI Te 3AKOHOMEPHOCTH, KOTOPHIe ObIIM YCTAHOBJICHbI JIA MpocTeHwiero Cu 
Ya 9JIEKTPONH3a OJHOOCHOBHBIX KapOOHOBbIX KHCJIOT. 


MockospcKuH XHMHKO-TeXHOJIOrHYeCKHH MHCTHTYT Tloctynua0 
um. JJ. 1. Mengeneesa 17 II 1959 


IMTHPOBAHHAA JIMTEPATYPA 


t 
u 


PA. Brown, G. Wea likes eAnnes e261 125m (CSc Aue immer larier rere 
A. B. py *4HuUHa, CHuTeTHueckHe cMa30uHBIe Maca, M., 1958. # Ilar. OPT 85450 
(1952). *W. Fuchs, E. DickersbachBaronetzky, Fette, Seifen, A 
strichmittel, 57, 675 (1955). ®°S. Glesstone, A. Hickling, Trans. Electrochem 
Soc., 75, 333 (1939). ® K. Sugino, J. Electrochem. Soc. Japan, 25, 348 (1957). " 
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Jokrnann Akanemuu HayrK CCCP 
1959. Tom 126, N31 


XHMHA 


Unen-Koppecnonzent AH CCCP A. B, HOBOCEJIOBA, IO. B. OPJIOBA, 
10. 11. CHMAHOB u JI. M. KOBBA * 


O HOBOM PAE NOJIMMOP®HbIX NPEBPALIEHHM Na,BeF, 


| Oropoepuiar HaTpu aA (Na2BeFa) Bnepspie Opi nonyuen MapuueaKom (1) u3 
Auoro pacrBopa. HMM oOHapyxenbl ObimM Be KpucTanmuuecKUe (opMBI 
2BeFs, Koropble HHOra’ KpUCTaJIM30BaJIMCb U3 pacTBopa BMecrte. Kpucrasbt 
HOH COpMbI OKa3asIuCb poMONYeCKH OuMMpaMUabHbIMM, pyro mopmpr — 
HOKJIM HHO-IpH3MaTHUeCKHMH. 
PentreHopcKoe ucceqoBaHHe pomOuyecKoH MoguduKaltuu NazBeFs mpo- 
‘Bemu I’. C. )Kganop u H. IT. Cepacrpsuos (7), 3arem Janno» u Uettmpu- 
( (?). Apropsr paOoTn (°) Halimu, urTo pomOnueckaa MogMduKauua NazBeFa 
PHHaIexUT K TOMY 2Ke CTPyKTYPHOMY THM, KaK HW CHJIMKaTbI PpyMMbl OMBU- 
CazSiOs, Mg2SiOs,: CaMgSiO«a u gp. 
B paOorax Tuo (*,5,°) 3arem Poa u Oc6opua (’) u Topomosa (8) 6bit0 ycra- 
DBJIEHO, UTO BCe NOHMOpdPHbIe Popmpr NazBeFa, oOpa3ytoulMeca mpH HarpeBa- 
MH pomMOnuyecko Mogudpukatuu NaeBeFs u Bblqensatouluecad 43 pactwaBa, Tak- 
i@ ABJIAIOTCA CTPYKTYPHbIMH aHaworamMu Mo_MduKauMU CaeSiO«. [pu ucnape- 
4M BOHOrO pacTBopa NaeBeFa Hapsafy c pomOnueckol ero Mogudukauuen 
ACTO BBbIJeIAIOTCA KPUHCTaJVJIbl B Bue Mrosmoyek. 
PentreHorpaMMbl pacTepTbIX HFOJIbYaTLIX KPHCTaJJIOB HM POMOMYCCKHX OKa- 
IBAIOTCA HJCHTHUHLIMM, OYeBHAHO, MosTOMy B padotax (°) u (8) Hrowmb4aTHIe 
PUCTAaJJIbI H ObWIM MpHHATHI 3a Y-MoguduKauuIo NazBeFa, kK TOMy Ke, KaK 
aMH BbIACHCHO, epHOR BOb OCH HFOMOUKM OYeHb OJIM30K K OAHOMY M3 Mapa- 
eTpoB Y-MoyuduKallun. 
B uacrosmei pa6ore mbl mpousBeiM TepMorpaduyeckoe uM PpeHTTeHOBCKOe 
cCleloBaHHe HrObyaTHIX KpucTamoB NaeBeFs, nowy4eHHbIxX H3 BOHOrO 
acTBOpa, HM Halll, YTO OHM ABJIAIOTCA HOBOM CaMOCTOATEbHOK MOAMGU Kaluen 
la2BeFa, Koropyio B JaIbHefmem MbI Gyyem HaspipaTb 8 -Na2BeFs,. 
Uccnenzospaune 8-NasBeFs. Mronpuatpie kpuctanp NazBeFs no- 
yuaJIHCh HCNapeHHeM B IWaTHHOBOM uallke B 9KCHKaTOpe Ha CepHOH KHCJIO- 
oH pacrBopa NazBeFa, k KoTopomy 4oOaBAanocb 2—3 Kann 40% 11J1aBHKO- 
oH KucuoTEI Ha 50 ma pacrsopa. Mvorga Hapsagy ¢ uroubyaTol PopMor HaG,Jl0- 
aJlaCb KPHCTaWIM3allua u pomMOuyecKoli Y-cbopmpr NazBeFs. : 
Vrompyatnle KpHCTaJIbl OTICIAHCb MWJiaTHHOBOM MPOBOJIOKOK Ha CTOJIMKe 
UKPOCKONa OT POMOUKOB, MepeHOCHJHCh Ha (PpUJIbTPOBaJIbHYyt10 Oymary 4 B Te- 
CeHHE HECKOJIDKUX Hel CYIIMJIMCb B 9KCHKAaTOpe Hal CCpHOH KHCJIOTOH. 


| 


Hafineno %: Na 35,07; 35,01; Be 6,67 
NaoBeF,. Brmucneno %: Na 35,09; Be 6,86 


i 9 
CoyepkaHve HaTpHa onpeyenasocb B Bue HaTpuli-WMHK-ypanuuatetata (*), 


epumuH onpeyenen B Buge BeO (*). ; 
Yoenbupiii pec 3-NazBeFs, ompeyeJieHHbId B KCHJIOIe, OKa3aJICA PaBHbIM 


S—9,406-+0,002. Yoenpupiit Bec pomOuyecKol PopMbI NasBeFa a? = 2,455 (?). 


* PeHTreHOBCKHEe HCCJIeJOBAHHA TpOH3BeeHbl IO. Tl. Cumanospm u JI. M. Kop6a. 
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TepmorpamMa HarpeBaHHA, IpHBeseHHad Ha PHC. 2, MOKasbIBaeT, UTO CC 
Tua uccmeqoBaHuA B3aATb ¥- NaezBeFs, To mMpeBpallleHHaA MpOHCXOAAT NI 
cleqyIouluX TemMMmepatypax *: 


220° 326° 600° 
y-NagBeF, —~> a’-NagBeF4 —-+ a«-NaegBeF4 —-+ pacmuas. 


Ha puc. 3 us06paxena TepMorpaMMa HarpeBaHus 6-cbopmpr NazBeFs. [Ip 
BpallleHHA B JaHHOM Culyyae MpPOHCXOAAT MpH CeMyIOUMxX TeMMepaTypax: 


i 435° 500° 
8-NasBeF a 1°» e-NagBeFy > -NagBeFg > 
°o 5 ° 
< 0-NaeBeF, on x%-NagBeF4 pel pacmaB. 


STOT pA], OYCBUAHO, COOTBETCTBYET MOHOTPOMHbIM IipeBpallleHHAM, TaK KaK H 
TepMOrpaMMAaX OX/laxKeHHA MpemapaTos, Harperbix Jo 560°, repMuyeckne ape 


~ 


Vs 
SI 
NX 
| - 
u 
s 
Puc. 2. Tepmorpamma HarpeBaHua Puc. 3. Tepmorpamma 8-NapBeF, — 


y-Na2BeF 4 


Tbl OTCYTCTBYIOT, a Ha TepMOrpaMMaX Mp MOBTOPHOM HarpeBaHuu OOHapyxXKH- 
BaeTCA TONbKO addpekT muiaBleHua NaeBeFa. Unorga np MoBTOpHOM HarpeBa- 
HMM OOHapyxkuBaetca addpext mpu 500°. Temnepatypa muapnenua NaeBeFs 
3aBHCHT OT TOrO, KaKad MOLMdUKAaLHA Oblia B3ATa WIA uccmeqoBaHuA. Ecum 
B Kau¥eCTBe HCXOZHOrO BeLeCTBa MbI OpasiM Y-MoqucNKalM10, TO NVaBJIeHHe 
HacTtynao pH 600—610°, sta tTemnepaTypa cooTBeTcTByeT paBHOBeCHO 
a-NaeBeFac pacniaBoM, ecu Ke HarpeBaTb 6-Na2BeFa, To naBseHHe MpOHCXO- 
quo oxoso 580°. Ha HekoToppix TepMorpamMMax aekT nWaBeHHA Obl pas- 
MBITbIH, T10-BAMMOMY, BCJI€XCTBHEe TOPO, UTO BEILECTBO MaBHJIOCb B HHTepBaJIe 
Temnepatyp. PacrBopuMmoctTb poMOuyecKol u urombuaTOH cbopmpI NazBeFs4 Hamu 
Oblia ompemesieHa panee (11), Buauane mb mosaramM, YTO urombuaTad dopma 
NazBeFa, Bplesaioulaica H3 pacTBOpa BMeCcTe C pomMOnYeCKOH, NpelcTaBAeT 
coOoH MOHOKJIMHHY!O MOJHNduKaluIC, OnMcaHHyio Mapuubakom (+). PactBopu- 
mMocTb mpu 20° urombuaTEIxX Kpuctamiop NazBeFs (8-NazBeFa) paBHsauactk 
1,7 r B 100 r pacrsopa. Pactsopumoctb %Y-NaeBeFa 1,37 r B 100 r pactBopa. 
IIpH BHeCeHHH B paCTBOP HaCbIMeHHOH MO OTHOUIeCHHIO K MTobYaTOH cbopMeE 
NazBeFa(8) Kpuctao0B pomMOuyeckol cbopmpt ¥ -NazBeFa pacrBopuMocTb Ha: 
UMHaJIa MOCTeMeCHHO CHW2KaTbCA H B TBePfOH chase HaOwOMaoch yBelMUeHHE 
KOJIMYeCTBAa POMOMYeCKHX KPHCTaJIOB. SOTO moKasbiBaer, uTo 95-NaeBeF. 
ABJIACTCA MeTAaCTaOHJIbHOK MoguduKallnen. 

PeuoTreHorpaguyeckoe uecnaehoBaHune pada pe 
Bpamenuh 38-NazBeFs. [Ipu mequeHHom ucnapenuu pacrsopa NazBeF. 
yAalocb MOJYYMTbh CpaBHUTebHO KPYMHbIe HFOMbYAaTbIe KPHCTadIbI B-Mozucu: 
Kauuu NazBeFa. Oro JaJio HaM BO3MOXKHOCTb CHATb PCHTTeHOrpaMMy BpallleHus 
MOHOKpHctasia 8-NazBeFa B kamepe PKY-86 Ha tpy6xe BCB c Cu-anogon 


* Ilana NoamuMoppxErx dopm Na,BeF4 Tuuo (4) spent o6osHayeHusa, aHanorMuHbe o6osHaye 
HHAM TNOMMOpuHBIx cbopm Ca2SiOa. 
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| 


20° 


360° 


410° 


470° 


510° 


K cmambe Hosoceaoeott, Opaceot, Cumanosa, Koe6a, cmp. 93 


Puc. 1, Pentresorpammpt $-Na:BeF, npa pa3mmunbix TeMnepatypax 


K cmamve A. E. Ionudaeea, cmp. 217 


Puc. 1. MaprenorenetHyueckoe ApoOeHHe OolHTa Mep- 


BHUHOLO PouHKysa. CTaqua 2 OacToMepoB. A—kKallax 
CMO/IbI; OKpacKa KeJle3HbIM TeMaTOKCHJIHHOM ITO 


Acsouny. Ox. 10, 06. 90 


JAH, t. 126, No 4 


+ 
id 


Ta6Oauua 1 


TaBICHHE PesyMbTATOB peHTreHorpaduyeckoro uccMeqOBAHUA TpeBpanlenuii 3-NagBeF, 
Cc Mpeppamjenusmu y-Na,BeF, 


a). : e-(pasa, ; 7n-asa,. 0-cbasa. 
cae [ee aioe” |e Ge" [TRE ge | Toa | Phase | een | oan 
T [dex | t [ae ex| 1 | a ex] 1 [aux] [a ex | 7] a wx | 7 [a wx” 
17,22 Stott | 
2 | 5,98 
5 | 5,14 
4,86 5 | 4,52 
9 | 4,45 
10 | 4,26 
4,16 10 | 4,14 
(4,02 
518,91") 8 3198"! 6 13.91 7 | 3,87 
541-3).62 8 | 3,67 
Bit BUS 40 cle 528 
| 8 | 3,354 
| 2 | 3,264 
3,160 
7 | 3,074 
OyRSN03bih- 0 4 3,035 
S) || ap Chen 
2,886 10 | 2,945 
6 | 2,860 
8 | 2,854 6 | 2,812 
2,764 9 | 2,84 
5 | 2,700] 5 8 | 2,69 10 | 2,74 
9 | 2,680 2,684] 9 | 2,650 9 | 2,668 
5 | 2,610] 6 | 2.604 
6 | 2,534 5 | 2.525 
5 | 2,443 10 | 2,440 
2,430 
2368 10 | 2,365| 70 | 2,37 8 | 2,35 
5 | 2,316 
6 | 2,294 60ur| 2,30 30 | 2,26 
Seed 10 | 2,198] 9 | 2,216 
Oa2.208 10 | 2,189 
2 | 1,174 
2,148] 5 | 2,157 6 | 2,161 100} 2,14 9 | 2,166 
2,095 du} 2,085 40 | 2,08 
2,040 8 | 2,033 
2,004 2) 4,973) 5-1 4,966 401-4599 
| 6 | 1,950] 5 | 1,959 
| 5 | 1,919 5 | 1,943 9 | 1,943 
1,841 5 | 1,818] 10 | 1,842 9 | 1,920 
4,809) 7 | 1,808 
6 | 1,765 
2u1| 1,76 
1,744 6 | 4,749] 9 | 1,752 
4m | 1,715 
1,703 ae O94 
1,683 
6 | 1,672 
1,648| 2m | 1,64 |2 | 1,64] 6 | 1,634 
2 | 4,594 211,548! 9 | 1,596 


IIpumeuaHuaz. 1. Copnagenue HeKOTOpPbIX uuu e-cbasbl c WHHuAMH a@-Na,BeF, 
aeTCA CAYyYAHHBIM, UTO CuesyeT U3 CMocoOHocTH e-asbI K sakanKke, 2, [na BemHuMHDI 
a3 CpaBHeHUuA Y, @, &’ HAMM B3ATBI CpeAHHe 3HAaYeHHA Pe3yAbTATOB MSMCPCHHH, UMECIO- 
Kea B pa6orax (4), (5), (°), (8) H HammHx, OTHOCHTe/IbHbIC HHTCHCHBHOCTH B3ATHI MO Ha- 
Mi cHuMKaM Ha Cu-anoge. Jina B-asnt sHayenua d u J//) B3aTHI us padots H. A. Topo- 

8 

a (*). 
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U OMPeLeMHTh WYTEM HHAMWMPOBAHHA SKBATOPHAaJbHBIX pecpseKCOB oceBOH 1 
pamerp @ reKCaroHasIbHOH pelleTKH, OKasaBIHHCA PaBHDIM: 8,297-L0,003 k 
M3 peutrenorpaMM KayaHua Ha Kamepe PKOII (c mocmegytouluM yTOuHeHy 
110 MOpOWIKOBOMY CHHMKY) MbI noyyusau c = 4,85--0,01 KX. Uucso dopmy. 
HbIX CJHHUI, B 3JICEMeHTapHOH AYeHKe Zz = 3. 

113-34 HeCOBepIIeHCTBa HMeBIUMXCA B HallleM paCNOpAxXeHHM MOHOKPHCTé 
JIOB MbI He CMOrIM ompegqemuTb AudpakUMOHHDIA Ksjacc. CucremaTH4uecK 
moracaHHit OTMeyeHO He ObWIO. 

Pentrenorpaduyeckoe ucceqoBaHwe pelapaTOB IPH MNOBbIMCHHBIX Té 
nepatypaX Mpou3Bosusocb HaMa B peHTreHoBcKol Kamepe JIuncona u Bu 
coHa (upMbI «<YHukam») (#7). [Ipenaparbl NoMellaJIMCb B TOHKOCTCHHBIC Kall 
JIAPbI 43 CTeKla mupeKc. Menkne KpuctasuKku 8-cbasbl, OTOOPaHHbIe MOA MI 
POCKONOM, HacbillaJIucb B KalMJWJIapbl Oe3 NpesBapuTeIbHOrO pacTupaHl 
PentrenocbeMKH MpousBomNIMcb y TpyOku BCB c Cu-aHoyoM pH HallpAx*KeH 
30—35 KHJIOBOJIbT. 

Bp mOyyeHb! peHTTeHOrpaMMbl pH TemmepaTypax: 

1) 20° (ucxogusiii mperapat 8-NazBeFa), 2) 360° (go 1-ro adbexra), 3) 4! 
(nocae 1-ro acbpexta), 4) 470° (mexay 2-mM u 3-m adppexramu), 5) 510° (mex 
3-M Hw 4-m 9cpdeKTamn). 

STH CHAMKH BOCMpoNsBeseHbI Ha puc. |. 

Tloce Kak OH CbeEMKH MPH MOBHILMCHHOH TeMMepaType NPOHSBOAMAaCh ChE 
Ka TOrO 2»Ke mpenapata mpu 20°. CpaBHeHue BcexX peHTreHOrpaMM, «ropaAuAXx 
«XOJIOJHBIX», MOATBeEPANIO Haluuue Paso0BLIX IIpeBpalleHHH, OTMC4YCHHDbIX 
TepMOrpaMMaxX HarpeBaHua 8-c:pa3bI *, H HX HeOOpaTuMocTb. PeHTreHorpaMM 
cHaTpie 1) mpaH TeMmepaTypax, JIeKallMX BbILIe COOTBETCTBYIOWIMX TePMH" 
ckuX addbekrTos, u 2) noce oxsiaKkyeHua Wo t = 20°, oTM4aMCb JIMUIb Het 
TOPbIM CJIBHTOM JIMHHH, MpOMCXOAAWMM NO BCeH BePOATHOCTH BCJICACTBHE ak 
Z30TPOIMH TeMIOBOTO pacilMpeHHus. 

CpaBHeHHe BeIMYHH M@XKIMJIOCKOCTHBIX PaCCTOAHHH BbICOKOTeMMepaTy PHI 
cpa3 C MMCIONIMMUCA B MTepaType JaHHbIMH WIA 1, w, «uw B** MmodMpuKalL 
Na.BeFa ykKa3blBaer Ha TO, 4TO 8-(—)a3a MOMKET paCCMaTPUBATbCA KaK MCXOJH 
Avia OOpasyeMoro e10 coOcTBeHHOrO pAa NOJMMOpDHBIX pa3sHocTeH, He COBI 
WaroulnX C TaKOBbIMH JIA pAya y-Na,sBeF, (cm. ta6a. 1). WHrepecHo oTmeTH1 
4uTO HCCIEQOBaHHbIM HaMH pA MpeBpallleHHH He OOHapyKUBaeT CXONCT 
C nmpeBpamenuamMn CaeSiQ,. 


Mockosekuit rocyapcTBeHHBIli yHUBepCuTeT Tlocrynmuso 
um. M. B. Jlomonocosa O59 


UMTHPOBAHHAA JIMTEPATYPA 


1C. Marignac, Ann. Chim. Phys. (4), 30, 45 (1873). ?°. C. Kyaanc 
He fs Cexacth sano, AH, 22, 1/0, (1939). 3 He Ose Dianbivey  anleemeilactouLimes 
schwili, Zs. f. Krystallogr., 103, 178 (1941). *E. Thilo, Hi Schroeder 
phys. Chem., 197, 3971951). * W. Jahn, E. Thilo, Zs. anorg. u. allgem. Chey 


274, 72 (1953). ®E. Thilo, F. Lieban, Zs. phys. Chem., 199, 125. (195 
*D. M. Roy, R. Roy, E. F. Osborn, J. Am. Geram. Soc,,i3ie7 (gos) cele 
Toponmos, a UleruHukosa, )KypH. Heopr. xuo., 2, 1392 (1957). ® H. H. B: 


VM. 
ber, I. H. Kolthoff, J. Am. Chem. Soc., 50, 1625 (1928). 1° L. Moser Jace 
ger, Monatsh. f. Chem., 48, 673 (1927), ™40O.H. Bopo6snesa, A. B. Hosor 
dopa, A. Tr. Kacmun, lO. HI. CumManos, )Kypu. neopr. xum., 1, 516 (195 
2H. Lipson, A. Wilson, J. Scient. Instrum., 18, 144 (1941). 


* Pentrenosckoe HccieqoBanHve o6pa3loB Mpu Temnepatype Bbiue 545° — naa NOATBET 
qenua 4-ro adpekTa — He MOrIO ObITh NPOH3BeNeHO H3-3a CHIbHOFO B3aHMOselicTBHA (To 
Oepustnata c OOpocHMMKAaTHEIM CTeKOM MMpexc. | 

* i 
ax Moqupukalua Y,«’,a mu 8 npwBegenst sHauenna d, COOTBeETCTBY!0IHe Hao. 
HHTCHCHBHbIM JIMHHAM Ha PpeHTreHorpaMMax. 
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Hoxaxane Akanemunu nayx CCCP 
1959. Tom 126, Ns 4 


XHMHA 


A. M. MMOHH30BCKHH u H. M. BJIAMMMPOBA 


PACTBOPHMOCTb CHCTEMBI Na, Mg || Cl, HCO,—H,0 
({[pedcmasanexo axademuxom H. H. Yepuaeeoim 24 XI 1958) 


JlaHHble MO pacTBopuMoctu B cucreme Na, Mg || Cl, HCOs —H:2O pecpma 
aHuueHpl (1,*). 

‘Wsyueune cucreMbl Mbl MpoBoyud mpH TemMmepatype ~0° u Poco, = 4 aT. 
OTa OCYILeCTBIAaCb B ABTOKJIaBe H3 BUHUMacTa. B QHO aBTOKsaBa BMavBa- 
NOpHcrTy!0 CTEKJIAHHY1O WwacTHHKy (oT @usetpa Lor- P 

Ne 4) um UMYoumbuaTHIli KpaH, C MOMOUIbIO KOTOpBIX Gee. 
MCCTBIAIH OTACNCHHe AKUAKOH da3zbl uv oTOoOp mpo- B Y > Nace 
‘(ia aHasm3a. B Kppllky aBTOKJIaBa BMOHTHpOBaJIH 
2 TpyOKH: Yuepes OAHY U3 HX, 3aKPbIBarolllyocs 
OOKOH, 3arpyKaJH peareHTbl UH MpokyBadu yraeKuc- 
if Ta3 JIA BbITeCHeHHA BOSAyXa M3 aBTOKMaBa neper 
HaJIOM OMbITa, Mpyrad cyxKUa WA Moqaw yrue- 
Jloro ra3a “3 OaluoHa. B KpbIlIKy BCTaBIAIM Tak- 
THJIb3y JIA TePMOMeTpa (JIA ONbITOB MOMb3OBaJINCb 5 
DMOMETPOM Cc J@IeHHeM WkKabl 0,5°). JlaBpmenue 

$4 H3MepsAJIM MaHOMeTPOM Ha pesyKTope. 

‘Tipu uccneqosanun aBrokiaB Momeljaiu B XON0- & gt 
MbHUK Tuna «J[Hemp», Tye CMecH MepeMelIMBaJIH C = 
MOULbIO allMapata Jia BcrpaxuBaHusa. [locroaHcTBo 
ATepaTypbl B XOJOMMIbHNKe MOWepKUBaOCb C TOU- 
cTb10 -L-0,2°. 

'B xauecrBe MCXOJHbIX BeleCTB IIpHMeHAM XJIOpH- 
IH MarHali MapKM 4., XJIOPHCTbIM HaTpHu U. J. a. U 
HOBHOM KapOoHaT MarHua Mapku 4. )KusKylo da3y 0 5 deere, 
aJIM3MpOBaJIH Ha COepxkaHHe HOHOB MarHHA, XJopa NaH¢O,—> 
OukapOoHaTa. KomuuecTBo HaTpHA BbIMHCIAIH NO reangumeore’ 
3HocTH. TBepyyto (tba3y aHaJIH3HpOBaJIM MUKPOCKOMH- 4, Nac} — NaHCO; — 
‘ku. Papwospecue B cHcTeMe HacTymaJio Ha BTOpbIe- 1,0 npu Poo, = 4 aT 
SThH CyTKH. O6 ycTaHOBJIeHHH paBHOBecHA CYAMIH u Temmeparype~0° 
OCHOBaHHH CXOXKJCHHA JAaHHbIX aHaJH30B %KUKOU 

3b uepe3 CYTKH. 

Jl ayHuple PpacTBOpHMOCTH CHCTEMBI, BbIPaxKeHHble B BeCOBbIX MpOueHnTax H 
Venexe, mpuBeseubl B Ta01. 1 uw Ha pu. 1 u 2. JuarpamMa paBHOBeCcHl CHCTe- 
| Na, Mg|| Cl, HCOs —H2O coyepxuT YeTIPe NOMA KpUcTaJJIM3aluH 
leli: OuKapOoHaTa HaTpHA, MATHBOAHOrO KapOOHaTa MarHHs, xJlOpucToro 
(PHA HM WeCTHBOHOrO XMOpUCTOrO MarHUs (pHC. 2). BecbMa Ba2KHO, 4TO oo 
reIbHY!0 uacTh (cBbilie 50%) mlowlaqu WMarpaMMbl 3aHHMacT noe OuKAap OF 
fa HaTpHa. B WaHHOH cucTeMe, KaK H B cocTaBJIAIoUleH ee TPOMHOH CHCTeMe 
Cl — NaHCO3s — H20, u3yueHHOoH HaMu, OukapOoHaT HaTpHA BbITeCHACTCA 
pacTBOpoB XJIOpHcTbIM HaTpHeM (puc. 1 uw 2). 

C noppuueHuem Pco, nome OuKapOoHaTa HaTpuA Oyler cyulecTBeHHO yBeuH- 
3aTHCA 3a CueT NOMA KapOonata MarHus. IIpu 9TOM pasMepbI MOJeH XJIOPHOB 
PHA HM MarHHA OCTaHYTCA MpakTHYeCKH H€HS3MCHCHHDIMH. 


£0 


T 


T 
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Tlauupie pacrsopumoctu Na, Mg || Cl, HCO3 — H.2O upu Pco, = 4 aTM u fa 0° 


Tao6mauna 


3 CoctaB pacTBopos, Bec. % Mupexcpi no Meneke 

a 

5 = 

2 S ss E 5 Trepapie dasnt 

Bll ES ees shennan mallee le ead 

a em) 1S) az = Sax) 0) = 
1] 0,44} 15,71 | 10,85} — 26,50 | 73,50} 1,60} — | 1844,7 | NaHCO,;-+-NaCl ; 
210,83] 15,86] 8,67] 1,02] 26,38 | 73,62] 2,95] 18,20] 1772,8 | NaHCO,+-NaCl 
3 | 0,88] 14,78] 7,149] 1,44] 24,29] 75,71] 3,34] 27,46] 1948,4 | NaHCO,+NaCl 
410,73] 14,35] 6,59] 1,58] 28,25 | 76,75} 2,87] 31,19) 2044,4 | NaHCO;+-NaCl 
5 |0,89| 16,08] 7,04] 1,97] 25,98 | 74,02] 3,12] 34,61 | 1755,1 | NaHCO,+NaCl+MgCO,-5H20 
oO is eh) 4,22] 1,02] 10,59 | 89,44 |100,0 | 61,29] 7250,8 | NaHCO,+MgCO;-5H20 3 
7|7,94| 0,60] 1,36] 1,07] 10,97 | 89,03] 88,49} 59,83} 6719,2 | NaHCO,;+MgCO,-5H20 
816,30] 1,93] 4,60] 1,07] 10,90 | 89,40] 65,48 | 55,79 | 6270,8 | NaHCO,+MgCO,-5H20 
9 | 0,87] 15,88] 6,96] 11,94] 25,65 | 74,25] 38,09] 34,52] 1785,6 | NaHCO,+MgCO,-5H,O-+-NaCl 

40 | — | 25,80] 0,13] 8,78] 34,74 | 65,29} — | 99,24] 995,9 | NaCl+MgCl,-6H,O ‘ 
41 | 0,83] 25,28] 0,10] 8,78] 34,99 | 65,01} 1,87] 99,39] 993,0 | NaCl+MgCl,-6H,O+MgCO,-5H20 
12 | — | 15,95} 10,385) — FD RU || (i500) |p — | 1818,5 | NaCl . 
13 }4,72) — ABTS |) 6,50 | 93,50 |100,0 — |13407,2 | NaHCO; 3 
44) 7,40) — — 1,47 8,87 | 91,13 }100,0 |100,0 | 8345,2 | MgCO,-5H,0 1 
45 | — | 25,76] — 8,84 | 34,60 | 65,40 — |100,0 998,9 | MgCl,-4H,0 4 . 

" 


PasysbTaTbl ucceqoBaHua cuctrempl Na,” Mg || Cl, HCOs — HeO Hapa] 
C TEOPeTHYCCKHM HHTeEPeCOM MMEIOT M MpakTHYeCKOe 3HAYeHHe: OHM MOC YK 


ZNGHCO, 


ZNaCL 


= 


13 


14 


Mg CO, SH,0 


Mg|HCO,I, 1 


jo 


ak 
5000 7000 Me 


H,0 


Puc. 2, UetBepHaa cuctema Na, Mg || Cl, HCO3 — H2O npn Poo, = 4aTM wu Temmepatype ~{ 


J — amMnuy, OTBeYyatoliHe KPHCTaM3alHN OfHOH cba3bl, 2 — mHHMu, OTBeYaIONTHeE 
KPHCTaIH3saquH WByx daz 


(PH3UKO-XHMMY4ECKON OCHOBOM AIA paspaOoTKH MeTOJa NOMyueHUuA OuKapOoH 
Ta HaTpua yepes OukapOouaT MarHua. Takol MeTo MoxkeT ObITh MpHMeHt 
HW JIA MpOM3BOACTBa NoTalta. 


HWucruTyT MMHepaIbHbIX pecypcos 
Akajemuu Hayk YCCP 
Cumdeponob 


Iloctynuso 
19 X 1958 


IMMTHPOBAHHAA JIMTEPATYPA 


1 
CnpaBounnk Mo pacTBOpHMocTH coseBEIX cuctem, 1, JI., 1953, etp. 87. 


2 
M0 PpacTBOPHMOCTH CoeBEIX cucTeM, 2, JI., 1954, crp. 964. a 
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Hornsaygp Akanzemun HayK CCCP 
1959, Tom 126, Ne 1 


XHMHA 


A. A. TNOHOMAPEB u WM. A. MAPKYUIMHA 
CHHTE3 MPOM3SBORHDbIX 1,6-7MOKCACIMPO-(4,4)-HOHEHA-3 
NPH IIEKTPOJIMTHUECKOM AJIKOKCHJIMPOBAHHH 
ye YPHJIAJIK AHOJIOB 


(ITpedcmaeaeno axademuxom A, A. Baaarduneim 171 1959) 


_ Cuxtes cnupakos rpynni |,6-quoKcacnupo-(4,4)-Honana Obl ocymecTBueH 
CKOJIBKHMH cnocoOamH. Bnepgpple OHM ObWIN noyueHbI ucxoLa u3 OyTUpo- 
KTOHA, BaJlepOaKTOHA, KalpOlakTOHa HM JMasIMAaueTOHa (?,?,). B 1934 r. 
ypauk u AXKMHC KOHCTaTHpOBaH dakT OOpa30BaHuA 1 ,6-nHoKcacnupo-(4,4)- 
HaHa lp ruApupoBanuu dypusakponeuna (*). C myuummu Bbrxoqamn 9TH 
Wpavbl OOpa3yioTca pH THApMpoBanun Y-ypusianKkaHomoB (°,6,8), 
MexaH¥3M 3TOM peakItMH paccMoTpeH B pase crateli (°,”). 

Hactoslee coodmujenve KacaeTca O6pa30BaHHA OnWMKIMYeCKUX CHCTeM NO- 
O6HOTO THMa MPH WICKTPOJIMTHYECKOM aJIKOKCHJIMPOBaHuN Y-cbypHsiaKaHouos. 
_ PeakuMA 9JIEKTPOJIMTMYECKOTO aJIKOKCHJIMpOBaHuaA (bypaHOBbIxX BellecTB 
Lia oTkKpbita B 1952 roy Kaaycou-Kaacom (°). r 

| CyTb MeTOjla COCTOHT B 9JIEKTPONH3e MpH TemnepaType HuxKe 0" pacrBopa 
1 ee COeCJHHEHHA B COOTBETCTBYIOUIEM CHMPTe, C WOOaBKoH B KayecTBe 
W€EKTPOMHTa HeOOIbUIOrO KOIMYeCTBAa OpoMUCTOrO aMMOHHA. OeKTposmHsep 
OCTOHT H3 HUKeeBOrO KaTOJa UH IWIaTHHOBOTO aHosa. 

_ Mexanu3mM peakUMH OKOHUAaTeIbHO HE YCTaHOBJeH. 

. Konerpykuua 92leKTpomu3epa, mpedmomenHoro Kuiaycou-Kaacom, 6biia 
WULECTBEHHbIM OOpa30M HaMM YCOBepleHCTBOBAaHa, YTO CJelao0 cam mpHOop 
“MeTO Gosee AOCTYNHBIM AJIA MpakTHYECKOTO HCMOMb3OBaHHA. STO BbIPAsHIOCb 
pexJle Bcero B 3aMeHe MlaTHHOBOFO aHOjla Ha YIOJIbHbII. 

| Onpit noka3aJ, YTO aIKOKCHJIMPOBaHve (PypaHOBBIX BELLCCTB B MOJOOHOM MO- 
@PHH3HpOBaHHOM MpHOope MaeT BbIXOA AMalKOKCHAMTHApOPypanoBblx coelHn- 
CHU B OOUIEM He HW%Ke, YeEM B QICKTPOIM3epe C MNaTHHOBbIM aHOJIOM, 4TO 
BCTBYeT v3 Ta6a. 1. 

_ MoxkHo ynoMAHyTb, YTO B STOM x%Ke MpHOope HaMM ObWIO 3aTeM BHepBEle 
cyecTBJIeHO MeTOKCHJIMpoBaHHe alleraToR = 1-(«-bypuu1)-mponanosa-3, |-(a- 
Ypuu1)-OyTaHova-3 U A-alleroypypuaMuHOsTaHona, a TaKxe 1-(a-bypnu)- 
yTaHoua-3 Hu 1-(a-cbypuu)-MeTuaneHTaxa. 

TipeqnpHHumas OMBITEI MO SIeKTPOM3y PacTBOpoB %-byPHJaJIKaHONOB MBI 
CXOJMIH H3 MpeANo0*KeHHA, YTO, B CHJLY NPOCTPaHCTBeHHOK Sle rHpo- 
CHIbHOH TpynMbl B OOKOBOH Wenu K PypaHOBOMy UWMKJy,y NOJOOHbIX cnupToB 
apajy C OObIMHEIM MPOLecCOM HHTEPMOJEKYIAPHOTO aKOKCHJIMPOBaHHA Oyner 
Me€Th M€CTO HHTPaMOJIeKyIAPHaA PeakUHA, COMPOBO*RAAaOwlaAcA UAKJIMsallneH 


R 


e a 
{ | CH30H Dwar 
0 Hy-CHs j R (NH,Br) CHO’ - 0 


R' 


R=H, CHz, CH)>—CH(CH,)2, CH; 


R'= coorsercrsenho H,H, H aan CH, 
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ro mpeqnomox*weHve Hawwio ceOe MOMHOe MOATBepAReHHe MPH IKCMePHMeH: 
TabHOM mpoBepKe. Okas3aJl0cb, YTO SEKTPOH3 |-(a-cbypuu1)-mponanona-3, 1-(a. 
(by pust)-Gyranoua-3, l-(a-cpypu)-5-meTurekcaHoma-3, a TakxKe TpeTHuHOrC 
cnupta 1-(a-cpypu)-3-MerHaneHTaHola-3 B pacTBOpe MeTHIOBOTO CIP 
Ta MPHBOAMT K OOpa30BaHHIO B KayecTBe TlaBHOrO MpodykTa COOTBET: 
crpyroulero 2-meroxcn-1,6-quoKcacnupo-(4,4)-HoHeHa-3 Bpixoset KOJeCOJIOTCA 07 
53 no 76% TeopeTHuecKkoro, 4TO 3Ha 


Ta6nuna f YMTeJIbHO BbIMe, YEM BO BCeX CLyUaAy 

o6pasopanua _—1,6-quoKcacnupo-(4,4) 

Belkan RUMEIORCHAMRUAPS: HOHaHa M ero FOMOJIOTOB IIpH rHAPHpo- 

cbypaHoBoro coeqHHeHHA 7 

BaHHH COOTBeTCTBYIOMLUX dypaHOBbD 

Vcxonuoe aay eon.: Prarie CIHMpTOB. JlaHHble O CBOHMCTBax HU aHa 
coequHeHve Kaaca QUBaS JIM3bI MOJIYSCHHBIX TaKHM OOpa3soM ye 
jemor| | [B% or  TbIPCX MPOHSBOMHBIX 1 ,6-quoKcacnupo 

Per) scxon.| tory | ucxox. (4,4)-HoHeHa-3 mpHBeenbl B TaOm. 2 

une B-pa_- sCrpykKTypa ykKa3aHHbIX coequHeHHi 

ee os settee 7 KpoMe  laHHbIX, MpHBeJeCHHBIX 1 
2. Gyiapan 81 69 | 85,1 | 71,4 TaOJl. 2, JKCMe€PUMeHTaJIbHO NOATBEPK 
. P®yphypus- , 
auetat so | s7 | 81,5 | 93,3  MaeTca ceLylouluM. 


; Tuapupopanuve 2-merokcu-1,6-qu0K 
cacmupo-(4,4)-HOHeHOB B MATKHX yCJIOBHAX (IPH KOMHAaTHOM TemNepatype, HO; 
WaBleHHeM, B IIpHCyTCTBHM HuKeIA PeHex) MpHBOAUT K OOpa3z0BaHHIO Mpo 
H3BOLHEIX 2-meToKcu-1 ,6-RHoKcacmupo-(4,4)-HOHaHa, CBOHCTBa H aHaJIM3bI KOTO 
pbIX MIpHBeeHEI B TaO. 3. 

Ilpu rufpupopanun 2-meroxcu-1,6-quoxcacnupo-(4,4)-HoHeHos B Oovlee Ke 
CTKUX YCIOBHAX (OL AaBseHuem 100—120 atm, npu 100—120° B npucyrcTBul 
HHKeJIA Ha KH3e@Ibrype) MPOHCXOANT He TOJIbKO BOCCTAHOBJIeHHe JBOHHOH CBASI 
B WHKNe, HO H OTILeMsIeHHe MeTOKCHIbHOL rpyunbt. IIpu atom oOpasyoTca pane 
yxxe u3Bectuble 1|,6-tvoKcacnupo-(4,4)-HoHaH HM ero TOMOJIOr. 

Bee 3TH mpeppallleHHA, NOMHOCTHIO MOATBeEpXKAaloulWe MPHHATYIO CTPyKTyPp! 
2-metokcu-1! ,6-quoKcacnupo-(4,4)-HOHeHOB, MOACHAIOTCA HA KecIeLyrOuleh CXeMOn 


eoken 
CH,0”% ‘o aes 
Ue senor 
fe) 


IKCNeCPHMeCHTAABHAA YacTb* 


1-(a-cby puu1)-mporanon-3, 1-(a-cbypun)-6yraHon-3 1-(a-cpypuu)-3-merus 
NeHTaHOsI-3 CHHTe3MpOBaHbl, Kak paHee omucano (8,14), 

1-(a-cbyput)-5-MeTurekcanon-3 mouyueHr pH TuApHpoBanun dypdypus 
HeHMeTHIM300yTHKeTOHA B IIPHCYTCTBHM MeQHOXpOMOBOrO KaTaJIH3aTopa np 
Temnepatype 120° u qapnenuu 100 ar. Brixon 79—80% TeopeTuyeckoro. T. KHI 


116— 2 I) 90 4 
Baas (7 mm), np = 1,4715, dq 0,9649, MRp natim. 52,85, Br 


Hait e Os. Q. . . . 
CusHaeOs Buraneneno 9: C1248; ey guage: Oe OH Bea8s 9.35 
O MpuHATHIX SKCHepHMeHTANbHEIX YCAOBUAX aJIKOKCHJIMPOBaHHuaA MH PuypI 
PoBaHHA MOXKHO CYMMTb Ha OCHOBaHHH CueMyIoulMx nmpHMepos : 
CuuTe3 2-MeToxkcu-7-metTua-1,6-tuokcacnu p o-(4,4)-n « 
HeHa-3. 58,0 r cBexenepernaHHoro 1-(a-cbypu)-6yTanona-3 wu 5 5 6 OMI 
cToro AMMOHHA PpacTBopastoT B 230 Ma MeTHMOBOrO cnupta. PactBop anal 


B QE€KTPOH3eP, OXaxLawT WO —12° u 
MOfBepraror du 
9 yacoB. P CKTPOM3Y B TeUeHI 


* IIpn yyactun HW. C. Mouaxopoit. 
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[lo oKoHuaHMM aeKTpomu3a pacTBOp MepeHocaT B KOMOY WH MpHOaBIAIO 
K HemMy MerusaT HaTpusa (1,2 r Harpua B 20 Ma MeTaHovla). OTroHsioT MeTa- 
HOJ| H AaMMHaK; ocafOK OpoMucToro HaTPHA OTPHJIbTPOBbIBaIOT HM MPOMbI- 
BaloT HeCKOJbKO pa3 2pupom. OcraToK mocme yaneHua supa moxBepraior 
peKTuuKkallun Ha BakyyMHOM KooHKe sippexTuBHocTHIo 12 T. T. , 

Cuute32-meTokcu-7-metTua-16-qRnoKcacmu po-,4)- 
HOHaHa. 20,0r 2-meroxcu-7-metua-1,6-quoKcacnupo-(4,4)-HoHeHa-3, 20 MA 
a6ulcou0THOrO 2THMOBOrO cnupta u 1,5 r HuKema PeHed MoMellaloT B CTasIbHON 
Bpaulaioululicd aBTOKMaB, emKocTbio 150 Mu. 

HauambHoe JaBsmenue Bogopogza 100—120 atm, TemmepaTypa KOMHaTHad. 
Tuapupopanve 3akanuuBaetca MO Mormomenuu 3 1 BOopoga. KaTamu3aT BbI- 
rpyxKawor U3 aBTOKaBa, OTPHJIbTPOBbIBAIOT KaTaIM3aTOP, PaCTBOPHTeIb OT- 
TOHAIOT Ha BOAAHOM OaHe. OcTaToK mMeperoHAIOT B BaKYYMe. 

Cuutes 2-metua-16-qunoxcacuupo-(4,4)HoHauHa. [ug- 
pupopanue 20 r 2-meroxcu-7-meruu-1,6-quoxcacnupo-(4,4)-HoHeHa MpOBOAAT 
Kak yKa3aHO paHee, HO mpu Temnepatype 100—120° u HayabHOM JaBuJleHun 
120 arm., ucnomn3ya 20 ma aOcomorHoro 9THNOBOrO CnupTa M 2 © HUKeAA Ha 
Ku3elbrype. Bpixog 53—-54% Teoperuyeckoro. 

YKugKocrb co cBoeo6pasHbiIM TepneHHbiM 3amaxomM. T. Kun. 162—164”. 
np = 1,4427, d= 0,9911, MRp naiig. 38,01, Bara. 38,03. 

Jlurepatypuple Manuple (7): T. Kum. 162—164°, ny 1,4428, dj 0,9920. 

B ykKa3aHHbIx VCMOBUAX 43 2-merokcu-! ,6-quoKcacnupo-(4,4)-HoHeHa-3 NOy- 
¥eH C BbIXOZOM 56% Teoperuyeckoro 1|,6-quoKcacnupo-(4,4)-HoHaH — 2KHJKOCTB 
c T. Kum. 82° (60 mm), 15 ~—«1,4489, dz? 1,020, MRp natty. 33,16, Bera. 33,41. 

Tlomy4eHHblit pu rH. pHpoBaHHN PbypusINponanola coupaH uMeeT CJeLyoulHe 
KOHCTaHTHI: T. Kun. 81—82°(60 mm), nip 1,4479, dz’ 0,0341. 

V3 2-meroxcu-7-mMetuu-7-3TuJ- 1 ,6-qHoKcacnupo-(4,4)-HoHeHa-3 MO/Iy4eH C BBI- 
xofom 53% Teoperuueckoro 2-merus-2-3THI-1,6-tHoKcacnupo-(4,4)HOoHaH — 
*KUNKOCTH c T. Ku. 103—104° (45 mo), ny? 1,4446, d,° 0,9638, MRp naiin. 
46,92, Bora. 47,26. 

JlureparypHbie Janupre (8): tT. kun. 102—104° (45 mm), np 1,444, 
d;° 0,9614. 

Tak BiepBble yCTaHOBJIeHO, UTO B YCJIOBHAX IICKTPOMMTHYeECKOFO aJIKOKCH- 
JIMpOBaHUA MepBMYHbIe, BTOPHYHbIe U TpeTHUHble Y-cbypuanKaHOb Mperepme- 
BaloT MHTPaMOJeKYJAPHYIO IWMKIM3alMio C OOpa30BaHHeM 2-amKOKCHMpOous- 
BOZHHIX 1|,6-tuoKcacnupo-(4,4)-HoHeHa-3 Cc XOPOLIMMU BbIXOLamMu. Crpoenue m0- 
CIEMHUX MOKa3aHO, KPOMe OODIUHBIX aHaJIMTHYCCKHX MeTOJOB, MpeBpallleHHeM 
UX B aJIKOKCHNpoM3Bosuble | ,6-tuoKcacnupo-(4,4)-HoHaHa, a TaK2Ke B H3BeCTHBIE 
paHee 1,6-quoxcacnupo-(4,4)-HonaH um ero romosoru. 


CapaTosckui rocyyapcTBeHHbIli yHuBepcuTer Tloctynuno 
um. H. I. Uepnpmmesckoro 14 1 1959. 


WMTHMPOBAHHAS JIMTEPATYPA 


1R. Fittig, Ann., 256, 50 (1890); *R. Fittig, Ann., 267, 186 (1892). 
®Volhard, Ann., 267, 48 (1892). *H. Burdick, H. Adkins, J. Am. Chem 
Soc., 56, 438 (1934). ® K. Alexander, L. Hafner, L.Schniepp, J. Atm 
Chem. Soc., 73, 2725 (1951). ®A.A.Tonomapes, 3.B.Tuap, UH. MapxKy 


mapes, B.A. Adbanacbes, H.W. Kypouxun, JAH, 87, 983 (1959): 
998.1496 (1953)e 98. A, An Tl ono wai eu a We ie ee ae I. heme. ae 
Be fl, Pieane 10'B;s KOX, 27, 1075 (1957). 2 N.C leas ome Kea arse Ee Limborg. 
K. Glens, Actachem. Scand., 6,531 (1952). 1 N. Clauson- Kaas, Tyle Act 
chem. Scand., 6, 962 (1952). A.A. Monomapes, B. B. 3enenKosa, JAH 
87, 983 (1952); )KOX, 23, 1543 (1953). ) 
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Aoxuaagn Akanemun nayrx CCCP 
1959. Tom 126, Ne 1 


XHMH A 
Unen-Koppecnonzent AH CCCP H. MH. WIYAMKMH u H. ©, BEKAYPH 


KATAJIATHYECKAA NOJIMUWKJIM3ANMA BbICLIMX AJIKAHOB 


OrkpbiTaH OJHOBpeMeHHO rpynnol yyeubix (17%) peakuna KaTamuTu4ecKoL 
MAPOWHKIM3alHH aIKaHOB C WenOuKOl YIvIepOHbIX aTOMOB B MOvIeKyuJe, 
‘MeHee WIeCTH, MOAPOOHO Us3y4asacb PlaBHbIM OOpa3soM Ha TIpuMepe yreBogo- 
OB MpocToro cocTaBa, alOuluX B KOHEYHOM pe3yJIbTaTe GOeH3OU, TOYO HI 
Nob. OFHAKO Ha OCHOBAHHH MYJIbTHMMIeTHOK TeopHu A. A. Banaynnuna u 
KCTETHOH MOJeIH JerHApOreHH3al|MOHHOFO KaTaJIH3a MOXKHO ObIO O*KUaTb, 
) BBICLUH€ aJIKaHbl HOPMaJIbHOrO CTPOCHHA, HadHHaA C A-eKaHa, JOJKHBI 
aTb B YCNOBHAX, OlaPONPHATHBIX JIA eruApOWMKIM3alMH, KOHJeHCHpO- 
HHbI€C CHCTEMbI HadTasiMHa, deHaHTpeHa UH Oovee CJIOMHbIC NOMMUMKIbI. JeH- 
3HTEJIBHO, OOPasOBaHHe TOMOJIOFOB HadTaJiMHa Mbl HefaBHO HaGsogamn (4) 
\IpeBpallleHHAX HOPMAJIbHbIX TpHeKaHa H rekcayeKaHa B MpHCyTCTBHH MaTH- 
poBaHHoro riuHo3sema (0,5% Pt) npu 425—450° nox jaBleHuem Bogopoga 
MpOTOYHOH cucTeMe. OTH MpeBpallleHuaA, HapaAyy c ApyrumMu peakuuamu, — 
poreHowu3a WH H30MepHsallvH aJIKaHOB, M0-BHAMMOMy, HyyT no cxeme: 


H.C Zk Alk 
| H-CygH y HAC 
f ee HC CH CHy 
: ere Al by t= 
| A—Cyg Hg, ee ah 
Chie ChH, 


| 
é 3TOM. &-aJIKHIHaTaJIMHbl B YCJIOBHAX MpoBefeHWA OMbITa MOryT YacTHUHO 
MM MOJHOCTbIO H30MepH30BaTbca B B-cpopMy. OfHako He UCKJNOUeHO, YTO OOpa- 
BaHWe KOHJC@HCHPOBaHHOM CHCTeMbl HadbTasWHa B MPHHATbIX YCJOBMAX Ipo- 
2 yepes IIpOMexKyTOUHYy!o CTaMIO 3aMelleHHOrO OeH30VIa C Nocse_yiouluM 


bIKAaHHEM OOKOBOH ILenOUKH: 


Al 
Alk Alk is 
pe EOe. HE 1.07 
HC Glige GH AC CH)CH,  -3H, 
CH =4H @ 
H,C 25 CH, 4H, HC CH, 


CH, CH, CH CH, 


\POATHOCTh TAKOFO MpeMMOOKEHUA OCHOBIBACTCA Ha TIpeAbIAyUlem f1a0IOTe- 
Mf OHOrO 13 Hac (°) 0 3aMbIKaHMH B aHaJOPMYHBIX YCOBMAX OOKOBOH WenoukH 


OYTHIOeH3O0NIa B HadTaJiuH: 


H, 
Me a + 
CH, 

CH, 


B wacrosujeli pa6ore Mbl ucceqoBasM mpeBpalleHuA A-TerTaleKaHa 
oKTayleKaHa B mpucytcrBuu 0,5% Pt, oTm0x%KeHHOH Ha OKHCH aJIKOMHHUA 
MpoyHoM aJiomMocuiuKaTe —TrymOpuHe u 0,5% Pd Ha Takux Ke see 
X, pu 450° uw qaBeHnu Boyopogza 30 aTM. B MpoTOUHOH cucTeme (*). CxO] 
ie allkaHbI ObuIH BEIeneHbI Hamu u3 dpakunn 190—350" coKooBoropcKoH 
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WM MHUp3aaHcKol Herel (”) H ocwe TWaTebHOH OUMCTKU oOlaqasiH CieLYy! 
IHMH CBOHCTBaMH: 
H-Cy7Heg T. Ku. 302—303° (750 mm), 8 1,4336 mu d0;7 1805 
H-CigHog T. Kun. 316—317° (748 mm), n® 1,4358 u ad? 0.7312: 


B pesyJIbTaTe MpOBeCHUA OMbITOB MOJyYeHO 8 2KUKUX KaTaJIM3aTos, KOTO 
pble MOLpOOHO HCCeAOBaHb! MO paHee ONMCAaHHOM MeTOAUKe (4).0B KaTaJu3ata} 
HaliJlCHbl IPpOLYKTbI M8OMepH3alMn, THAPOKpeKHHTa HW AeruApOUMKAMsalMH UC 
XOMHBIX alkaHoB. Ilocue oryeseHHA OT 9THX KaTaJIM3aTOB OTTOHKOM HeOOJbUIOL 
POJOBHOH (bpakUWH, BbIKHMAIOlleH WO 100°, u3 ocTaBlleHcA “YacTH KaxkOro Ka 
Talu3aTa BbIeAIMCh aPOMATHYCCKHE YIvIeBOAOPOAbl WyTeM XpomaTorpaduye 
cKoi aycopOuun Ha cusmuKareste MapKu ACM. Jlanee, WecopOupoBaHHas CMeCt 
apOMAaTHYeCKHX YIvIeBOLOPpOAOB MO"Bepraiach pakWHOHHPOBaHUlO Ha KOJION 
Ke apeKTHBHOCTHIO 25 T.T. B aTMocdepe asota. Bo @pakuHAX, BbIKHMAIOULM) 
mo 150°, Ha OCHOBaHHH KOHCTaHT M JaHHbIX ONTHYeCKOrO aHaH3a Opin OOH 
py2KeHbI Toyo u KcHONbI. pH 9TOM ObluIO 3aMeyeHO, YTO B KaTasM3aTax 
MOJYYCHHBIX B MpeBpallleHHAX OOOHX aIKaHOB Ha Pd- uw Pt — AleOs, coneprxKa 
He TOYONa M KCHJOIOB cocTaBAAIO He Gomee 3,5%, TOrqa KaK KaTaJIM3aTbl 
nNOJIyYeHHbIe B OmbITax c Pd u Pt, oTsmoxweHHbIX Ha TyMOpHHe, COep Kav ITI 
yreBoxoposbl B koJHYecTBe FO 9%. OOmlee comepxKaHHe APOMATHYECKUX re 
BOJOPOJOB B KaTasIM3aTaX OMbITOB, MpPOBeeHHbIX B MpucyTcTBHu Pd- u Pt 
ryMOpuna, KOeOaocb B mpeyeax 17—22 Bec.%, B TO BpeMA Kak B NpeBpa 
UIeCHHAX O6OUX amKaHoB Ha Pd- u Pt —AleOs cogepxaHHe UX COCTAaBIAM 
scero 10,7—14,8%. StTo OOcTOATeMbCTBO YKa3bIBaeT Ha CMOCOOHOCTb ryMOpuHe 
HHUUMUpOBaTbh peaKkUMH apomaTH3alluH. 

ApomatTuyeckHe yrsleBoqopomb, KumeBuive Bplue 150°, o6maqanu cuHe-3e 
wleHow cbiyopecleHuuel; OHH ObIIM NOABeprHyTbI XpoMaTOorpadupoBaHulo B pac 
TBOpe eTpouelnHoro apupa Ha aKTHBUPOBaHHOM OKHCH aJIIOMHHHA B IBY? 
CTCKJIAHHBIX KOJIOHKaX, CofepxKaBpwux mo 200 ma menKo3epHuctoro AleOs 
CpolicTBa AX MpescTaBseHb! B Tab. 1. IIpu ocBemjeHuu y.-c). CBeTOM C JWIHHO! 


Ta6Oaunua 1 


CpolicTBa @pakUHu, BbIZeeHHEIX XpoMaTorpaduyeckoH apcopOuvel Ha Al,O3 u3 cmecer 
apOMaTHYeCKHX YrJIeBOAOpOAoB Cc T. KH, BIE 150° 


‘ Kosouxa J Kosouka II 

= & és 

So a T-pa Kun. % se T-pa Mu. 3 T-pa Kun. sh ne T-pa a. 
ea S & {mpH 734 MM, np d, nukpata, =. |npH 733 MM,| 2p d, nmuKpata, 
or 2 je) fe} Cc Cc 3 roo Cc °C 
rae R-me-*) Ra) 

Il He smomunecuuposasa 4,9 | 292—293/1 ,6383|1 ,0789| 116—14 
III | 3,8 | 290—295 1 6185/4 ,0250| 112113 | 7,3 | 275—280|1 .6323|1 .0630| 184—18 
IV 10,4 | 289—290 |1 ,5910/0, 9940} 103—105 8,6 | 268—269]1 ,6179]1 ,0228} 109—11 

V 11,2 | 273—275 |1 ,5289|0,9055} 89—91 16,4 | 266—268\1 ,5070/0,8786} 98—10 
VI 9,2 | 266—268 |1 ,4908|0 , 8666 — 26,6 | 253—260|1 , 4870/0, 8185 — 


BOJHbI 360 Mp cMecb apoMaTHyecKHX yrueBogopogos (41,0 r), nowy4ueHHEIX 
onbitax c Pd- u Pt — AlsOs (komonxka I), paszemmuacb Ha 5 30H, U3 KOTOpBI 
YeTHIPe 30HbI JIOMHHECIMPOBaJIN CBEYCHHEM OT GJIeTHO-*UOMeTOBOFO JO Ge LHC 
romy6oro. Cmecb 76,9 r apoMaTHuecKHX YreBOAOpOAOB, NOMyYeHHaA B OMbITa 
c Pd- u Pt-rymMOpuuom (KonoHka II), pasqenusacb Ha WecTb 30H, u3 KOTOPBI 
math (II—VI) o6nananu pesKo BbIpaxKeHHOH sIOMMHECHeHIMel; 13 HUX 30H 
I] JIOMHHECHMPOBaJIa 2KENTO-3eIeEHbIM CBeyeHHeM, 30Ha II] — O1eHO-rowy6bIn 
30Ha IV —rony6pm, 30Ha V —(buomerosnim u 30Ha VI — 6uleqHO-cuomerc 
BBIM. 

laa mpaxuni II, III] uv IV, Beryenenuprx u3 Komonkn II, 6pm cHaret y.-d 
CNeKTpbI NOrioweHHaA * Ha cmeKTpotboromerpe C®-4 B pacrBope u300KTaHi 


* Onruyecku aHaH3 BbiMomHeH IO, II. Eropossim, 3a yTo aBTOPbI IpHHOCAT emMy 61 
Tromap HOCTb. 
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K BUHO u3 pue. 1, cnektp dpakunu II cocrout u3 HecKONDKHX MNOW0C 
akCHMyMOM 255, 320 u 336 Mp uw nepern6om npu 290—300 mp. Mutex- 
HOCTb Nl€pBOro MaKCHMyMa NpeBpiiasta 60 000 eg.; o6nacth 305—340 mp 
a e=6000 eg. Baugy toro uro cnextpp dpakunit II u III Opium ovenp 
DAHbI MEK Ay COOOM HM MONTH CoBNajasu, Ha puc. | IIPHBOLATCA CHeKTPaJIbHbIe 
HbIe JIMWUb IIa Mpakunh II u IV. | 
| ConoctTaBileHHe CIICKTPOB pa3JIMUHBIX MOMMMMKMMYeCKHX apOMaTH¥YeCKHX 
IMEBOROPOAOB MOKasaJ0, YTO K CeKTpy dpakuyun II (puc. 1,/) HanOonee 6n- 
CieKTp (eHaHTpeHa HU ero ro- 
| orop (puc. 1,3). Pa3nquuue 
JOABIIACTCA JIMWb B OOacTu 
: HBOJH 305—340 mp, rie 3Ha- 
Hida HHTCHCHBHOCTH B Halllem 
PKTpe saBplueHbl. MoxkuHo no- 
raTb, YTO MpHYHHOH OTKJIOHE- 
i CJLYXKHT HeOOUbIWAA MpHYMecb 
iM3eHa, CIe€KTP KOTOpOrO 6.1M30K 
| ag (peHaHTpeHa, HO HH- 


HCMBHee eFo. 

| Cnextp dpaxuuu lV (puc. 1,2) 
— M CpeyqHeM yJIbTpa- 
Femere 7C Ayane 270 MP (e = 
2700 en.) WH Awan 245 mp. Xa- 
pare 9TOH KPHBOM MOViouleHuA 


lee HOROCeH KpHBOH norome- Puc. 1. Y.-c. cnextpp @pakunh II u IV B pac- 


A O-MeTHJIHadranHa (puc. TBOpe M300KTaHa: 1 — dpakuus II; 2 — dpaxuua 
4 XOTA WH HE COBMayaeT C HEH. IV; 3 — denantpen u ero OnuxaluiMe romMouorn; 


iO pa3JIMUHe ABJIACTCA eCTECT- 4 — a-meTuHadtalHH 

HbIM, TaK KaK MbI- HMeJIM 
lo c dpakuet, cocTrosujeH M3 CMeCH apOMaTH¥eCKHX YyIvIeBOLOPOOB. 
| OnementTapHb aHasu3 dpakuuu II gan caeqyroume pesybTaThl: 


| 


Lees, : 
20 250—«SSOSCSSC«SSC«RSSC 


| HatigeHo %: C 92,03; 92,30; H 7,90; 7,86 
Ci7Hig. BeruncneHo %: C 92,67; Ho 7,33 
CigHig. BpruncmeHo %: C 92,25; lel 7508 


| Takum o6pa30M, ONTHY4eCKHe CBONCTBAa HM 3JIeEMeHTapHEIH coctaB dppakunn II 
a3bIBaloT Ha HaJMuHe B Heli aslKHJctpeHaHTpeHOB C OOKOBbIMH rpynnaMu 
— Ca. OmHako Ha OCHOBaHHM MOJYYCHHDIX JaHHbIX MOKa He MpeAcTaBsAeTcH 
3MOXKHBIM CYJMTb O XapakTepe H MO/O%KeHMM STHX rpynn. BepostHo, Beule- 
Bo d@pakuun II, o6sagatoulee pe3KO BbIPAaXKCHHOM 2AXeJITO-3eeHOH JIKOMHHEC- 
Hime, MpemcTaBsIAeT COOOM CMeCb H-IponHul- u H-OyTHJIGeHaHTPeHOB C IIpH- 
chlo xpuseHa. Mcxoma u3 ceKcTeTHOH MOJe/M MYJbTHNIeTHOH Teopuy, o6pa- 
BaHve UX¥MOXET ObITb BbIparxKeHO CJeMy!oulehH CXEMOH: 


wl CH,CH,CH, 


CH,—CH,CH,CH, 
why | + 10H, 
19 y 
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B NpWHATHIX HAMM yYCJIOBHAX BbIXo, Ppakuuu II, cocroauleh u3 rowonorg 
cbeHaHTpena, cocTaBal oKOO 3,5%. B HacTosllee BPCMA MBI 3aHATHI HCC 
JOBAHHEM IIpAMOFO KaTaJIMTHYeCKOrO CHHTe3a KOHJCHCHPOBAaHHbIX apoMaTH YE 
CKUX CHCTeM NOMMUMKAM3allMeli BBICUIMX alKaHOB B YC/JIOBHAX, KOTOpble M03BO 
JIAT MOWYYaTb UX B MHAMBUYaJIbHOM BUe C OO/IbUIMMM BbIXOaMH. 


VucruryTt opranaueckor xuMuu uM. H. JI. 3emmucKoro Iloctymuu1o 
Akajlemuu Hayk CCCP PA IGE AES 


Vucrutyt xumun uo. II. T. Menuxumeyau 
Akajemuu HaykK Tpy3sCCP % 


IHMTHPOBAHHAA JIMTEPATYPA 


LS bee le NV ONT Tale C Ky Hell meee A. Kamywmep, JAH, 1, 343 (1934 


25. A. Kasauckuin, A. ®. Waats, KOX, 7,328 (1937). *B. HW. Kap oem 
M. T. CepeppaunosBa, A. H. Cusosa, KIX, 9,269. (1936).5.0 4h a eee 
kKaypu, H. HW. Wyakun, Coo6m. AH IpysCcCP, 21, 49] (1958); H. HW. Ulya#xun 
He I belKiay. pew, La C.) tka weapra mipine ne Vise. AH CCCP, OXH, 1959, 119 
SH. UW. Wytkas."H. I> b ep ran ose Yss. AH CCCP, OXH, 1957, 485 
J J5l §4q iWbieeneinn. Ce @, Isl @nuor Or, Ink I Bep HK oOBa, JAH, 89, 1086 
41953) a2 eee. abyelksacy pera ble ide Wy ax wu, lO Wl Perio. 1015 wales axa 
pawusuau, Mss. AH CCCP, OXH, 1958, 1376. ; 
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Aokaagn Akanemun Hayr CCCP 
1959. Tom 126, Ni 4 


XHMHA 


M. ®POJIOB, O. B. KPbIJIOB u uneH-xoppecnongent AH CCCP C. 3. POPHHCKHM 


ATAJIATHUECKOE JETHAPHPOBAHHE 3STAHOJIA HA TEPMAHMM 


‘Mot yxxe cooOilaiu 0 cnocoOHocTH repMaHuA KaTaJIM3HpOBaTb pA peakunit 
CJIMTCJIBHO-BOCCTAHOBHTebHOrO KJlacca (1, *). J]ma MOHHMaHHA MexaHH3ma 
MYMPpOBOAHUKOBOTO KaTaJIH3a 2%KeaTeIbHO GObIMO MOApOOHee H3YYHTb KHHE- 
<y He€KOTOPBIX H3 9THX peakIlMH Ha OOpasuax Ge c pa3HbIM THNOM MpoBOLH- 
CTH IIPH WIMPOKOM H3Me€HEHHH KOHWeHTpalluu HOcHTeeH TOKa. B HacToatlen 
Tbe H3JIOXKeHbI Pe3yJIb- 

‘BI, MOJIYYCHHbIe MpH UC- CU BPO Gm: 


OBaHUH er {pupoBa- 20 Yee 
i Q9TAHOUAa. 8 
M3yuenue KHHeETHKH Je- - 
PHpoBaHHA STAHOJa Tpo- 
MMIOCb =69B. -CTaTHYeCKHX Ad ‘ 
KYYMHBIX YCJIOBHAX B 12 
PuleBOM peakTope, CoemH- ; 
HHOM C BaKYYMHOM ycTa- ei 
BKOH, Ha MOpoulkaX ‘C “3 
JIbHOH MOBep XHOCTbIO 2 96 


)5—0,1 m?/r, nomy4eHHbIX y 
OOJIEHHEM MOHO- HJM M0- 
KPHCTaJIM4YeCKHX OOpas- ge 
IB B CTYIIKe Ha BO3yyxe. 
wBecKa Ge  cocTaBJsAJa 
10 r. Hlepeq Katanutu- 
SKHMH OMbITaMH MOPOWKH pyc. i. Kunernueckue KpuBble BbIZeIeHHA BOOpOma B 


; NOABepravIWCb TPCHH- MocseOBaTeIbHbIxX OMNbITAX, MpOBeCHHbIX NOCJe TPeHH- 


BKe pH Temmeparype POBKH lpH 850° (1—4) u nee XeMOCOpOLLMH KHCMOposa 
Ounn 650° npu 10->— (ae 

je MM. pT. cT. : 

KatamurTuyeckoe JeruqpHpoBaHne HCCueqOBal0Cb B HHTepBaie 200 —270 
WM HavaJIbHOM JlaBJICHHM 3TAHO/Ia B HECKOJIbKO J[CCATbIX MHJIJIMMETPOB PT. CT., 
MePABLICMCA CTCKJIAHHbIM Me€MOpaHHbIM MaHOMeTpPOM. CocTaB MpOfyKTOB u 
1eHHe peaKIMH OMpeeAMCb MaHOMETPHYCCKH C MPHMCHeCHHeM BbIMOParKH- 
HHA pH —78, —134 u —196°. Ja ugeHTupuKallun BosOpoya NOMOAHUTEIb- 

IpuMeHsNach Audpysua uepes Pd. ‘ 

IIpu mpopeyeHuu mocueqoBaTebHbIX Pa3JIOKCHHH STaHO/a Ha oOpasiax 
, TPCHHPOBaHHBIX mp 800°, HaOJIOLaOCb CHH2KeHHe CKOPOCTH (puc. 1, 
-4), mpekpalllaBuieeca mocuie uerBepToro onbira. AHaJIM3 MpOAYKTOB peakIHH 

HeCTaOHJIM3MPOBaBLelicA MOBepXHOCTH MOKasaJI, YTO, KPOMe Bomopona H 
eTaJIbyerufla, B Ta30BOH (ase MpHCyTCTBYeT STHJIEH, COMEpRKaHHe KOTOPOTO 
ombita K onbiry nagaet (oT 40% 10 OTHOLIeHHIO K Co Ha + CH;CHO B nepsBom 
pITe, 103 —5 % B YeTBEPTOM; JAHHbIC OTHOCATCA K 60% pasnouscnuis 9TaHOWa). 
 BCeX OMbITaX, JaBJIeHHe BOAOpOsa C TOUHOCTHIO AO 2—3% ObluIO paBHO CyM- 
PHOMY JlaBsIeHHIO alleTabgqeruya u ITHJICHA. Srv HaOJIOJeCHHA 3aCTaBJIAIOT 
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5 0 1% 2 2 D 3 8 4 50 55 COmun 


tT 


JLYMaTb, UTb Oarofapa SOombiuoMy CpOACTBY K KMCOPOy CBe%KaA NOBEPXHOCT 
Ge orpbiBaeT aTOM KHCNOposa OT MOeKYJIbI STAHOA NO peakHH | 


CoH,OH — Hp + CoHa + Onno 


(aromapHoe cocTrosHMe aycopO6upoBaHHOrO’ KHCIOposa B3ATO yCJIOBHO). 
nojHeHve moBepxHocTu Ge afcopOupOBaHHBIM KHCJIOPOJIOM BbISbIBaeT MpeKP 
INeHHe MpoTeKaHHA peakuuH (I), H, HaYMHad c YeTBepTOrO OMbITa, Ha NOPOUITt 
Ge MpOuCXOQUT JMU Mpolecc KaTaIMTMYeCKOrO Weruf{pHpoBaHHA . 


C,;H;0H — He + CHsCHO. (II 


HOFO NOKPbITHA NOBepxHocTH Ge KHCJOPOAOM Ha KaTaJIMTHYeCKOe JerHApHPoBa 
He sTaHoua. C STO WesbIO NOCcNe YeTBeEPTOFO OMbITa MpOBOHacb XeMOCcOpO 
WHA KHCMOpOsa, pe3yIbTaTOM KOTOPOM OblwIO MOMHOe NOKPbITHe NOBEpXHOCT! 
Kpuspie 5—8 wa puc. | OTHOCATCA K NOCMELOBATEJIbHO MPOBCCHHBIM OIIbITAM 
ONMCbIBAIOT KHHCTHKY BbIJeCHHA BOOpOAa B 2THX ycOBHAX. B mepBbIe MM 
HYTbI Nocle BIYCKa NapOB ZTAaHOJa B peakTOp Cc OKHCMeHHeM Ge peakuMa Fe 
THpHpOBaHUA MWpakTHYeCKH He HJeT (Ha4aJIbHbIM yuacTOK KpuBOH 5). 3arel 
HaOmojaerca «pa3roH» peakuuu (kpuBas 5). JlaBenne aleTaibyernya, oOp 
30BaBlUerocA MpH peaKIMH Ha OKMCJICHHOM NOBeEPXHOCTH, 3HaYHTeJIbHO MpeBE 
maeT JaBeHHe BOLOPOMa, YTO 3acTAaBIAeT YMATb O CHATHH acOpOupOBaHHO 


KHCIOpoma MO peakWHH } 


CsH;OH + O,,,—> H20"+ CHsCHO (11 


TalMTHYecKkOH peakuuu (II). pu nocneqoBaTeIbHOM MpOBeeHHH HeCKOVJIbK 
ONbITOB Ha OKHCJICHHOM MOBepXHOCcTH (KpHBbIe )—8) HaOwJofaeTcA NOCTeMeHHO 
BO3pacTaHHe aKTHBHOCTH. TakuM O0pa30M, B CJlyyae CHCTeMbI repMaHHi — 97. 
HOM — alcopOupoBaHHblii KUCMOPOM K CTallMOHapHOH aKTMBHOCTH MOBepXHOCTI 
B KaTaJIMTHYeCKOM JerHAPHpOBaHHH MO%KHO MpHOJM3HTbCA KaK CO CTOPOHE 
OOeCKHCJIOPOXKeHHOH NOBEPXHOCTH, TaK H CO CTOPOHE! NMOBePpXHOCTH, MOJIHOCTHE 
NOKPbITOH aCOpOHpOBaHHbIM KHCJIOPOOM. . 

Mcnob3sya MpHBeeHHble BbIIle CBEJCHHA O MOBeCHHH JTAHOJa Ha Ge, ya 
JIOCb BOCIIPOM3BOJMMO CHATb KHHETHKY KaTaJIMTHUeCKOrO JerHAPUpOBaHHA 9Ta 
HOJa IPM pa3JIMUHbIX TemMMepaTypax. OTH AaHHble ObWIM NOJIYYeHbI B YCJIOBMA 
CTallMOHaPHOH KaTaJIMTHYeCKOH AKTHBHOCTH Ge, JOCTHTHYTOH NyTeM TpoBexeHH 
pala MOCNeAOBATeIbHbIX ONbITOB MOCIe TPeHHPOBKH. CHHxKeHHE TeMMepaTyPp! 
TPpeHHPOBKH YO 600° ao BO3MOXKHOCTh NOMyuaTb YCTOMYMBY!O aKTHBHOCTE 
HauuHas yxke CO Broporo onbita. K H3Me€HEHHIO SHEP aKTHBalMU STO He Mp 
Belo. JleruqpHpoBaHHe YOBJCTBOPHTeIbHO yKJIaqbIBaeTCH B ypaBHeHHe ep 
BOrO NOpsyKa 0 STAHOJY. OTOT NOPANOK ABIACTCA KAXKYULMMCA, TaK Kak Ops 
AOK, OMPeNeeHHbIN MO HavaJIbHbIM aBJIeHHAM, OM30K K HymeBomy. IIpx 
4YHHOM HECOBNAaeHHA NOPAAKOB, N0-BHAMMOMY, ABJIAeTCA OOPaTHMoe OTPaBJIeHH 
mOBepxXHocTu Ge oOpasyiouluMca alleTaibyerHyom. Takue acpcbeKTbl XapakTepHil 
AJA MOJLYMpOBOAHHKOBOrO KaTaJiIN3a NIpM COBMaeHHH 3HaKa 3apsaya aycop6n 
PytOUlMXCH MOJIeKyJI HCXOQHOFO BeWLeCTBa HM MposyKta (°). | 

HcceqoBaHve BIMAHUA THIa IpOBOAUMOCTH HM KOHILCHTpallunH HOCHTeeH TOK 
Ha KaTaJIMTHYeCKHe CBOHCTBa MpOBOMJIOCb Ha MOPOWKaX, NOJYYeHHbIX poe 
JIeHHeM OOpasiosn Ge, JerMpoOBaHHbIX CypbMol (n-TuM) uM ramwiMem (p-THM) 
OOpasubl, coxepxKalMe MasbIe KOMHUeCTBa HpumMecu (nopsgKa 101% cM~®) 
OblIM MOHOKpHCTaJJIMUHBI. OOpaslbl C BbICOKHME KOHICHTpaluAMH TIpHMec 
(mopaqka 10!’—1018 cm-*) npuroroBANMCb ChaBeHHemM Ooee yucTEIX o€ 
pasos Ge c onpenesieHHbIM KOJIMYCCTBOM CYPbMAHOM WIN rasuIMeBOL JIMTAaTyp! 
B KBapPIleBbIX IpoOMpKaX B aTMOciepe KpunToHa. KouTpoulb 3a KOHMeNTpallue 
BBCCHHOH IPHMCCH OCYLICCTBJIAJICA MO SCKTPONPOBOZHOCTH (3TH H3MepeHH 
ObuiM mpoBeyzens IO. H. Pysosnim). OOpasiipl, NOTyueHHBIe cnlaBeHHeM, Obi 
NOJMKPHCTAJJIMUAbI WH COepKaId 3HAYATEMbHOe KOJIMYECTBO MIPHMeCH, He BC 
meqieH B KPHuCTalMyecKylo pelleTKy. THM MpOBOAMMOCTH KOHTposmMpoBauc 
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Cc MpOTeKaHHeM Ha OCBOOO2*K JCHHbIX OT KHCJOpOa YYaCTKaxX MNOBeEPXHOCTH 


o30H0M. B rao. 1 mpuBegeHbi 91eKTPOHHBIe XapakTepHCTHKH JI€T pOBaH- 
oOpasiios Ge, a Takxe JOrapHM MpeqSKCHOHeHUMabHOrO MHOKUTeIA 
| 4 KaskyllMeca SHeprMud akTMBallun (£) kKaTamMTMyecKoro jeruyqpupoBaHua 
(HONa, 3BesqouKOl MOMeYeHbI OOpasiibl, JIerMpOBaHHble ciiaBseHHeM. 


Ta6muua 1 


JlorapuM MpeASKCNOHeHIMaIbHOTO MHOXKUTeA M KaxKyuLMeca SHeprun 
aKTMBaM KaTaJINTHYeCKOrO JerHAPUpOBaHHA 3TAHOMa Ha MerHpoBaHHbIX 
o6pasinax Ge 


| 2 0 \OHICHT pana 
E | Mpwwece - [poauncern | “apwneen [wocwrench npn | le ke | sacee haa 
3 20°C, cm—3 

| 
1 Sb n ~10-6§ ~10 Oe Dil? 
De Sb n 0,02 ot? ORD 21,9 
3 Ga p ~ 10-6 ~10% 6,5 18,7 
4* Ga p 0,005 5-101? 5) 17,8 
oe Ga p 0,02 Bole? 6,4 18,3 
6* Sb; Ga (129) p 0,02(Ga)} 22-1038 8,6 23,9 
7 Ge co6cr. n, p — ~ 1014 8,9 23,0 


| 

| Jd MOHOKpHCTaJIMYecKuX OOpasi{oB (1, 3) aHHBIe NO Cosep»xKaHuIO IpuMecH 
{JIM MOJLYYeHbI pacdeTOM H3 Ye/IbHOH IICEKTPOMPOBOAHOCTH, JIA O6pa3lloB, M0- 
‘YCHHBIX ClvIaBseHvem (2°, 4*, 5°, 6°), — 
HaBecKe mpuMecH. KonHueHTpalluu 
HHOBHBIX HOCHTeNIeH TOKa pH 20° no- 
‘GeHbI PpacueTOM H3 YJeJIbHOW JJIeKTPO- 
‘OBOJHOCTH OOpa3slloB (JIA MOBH2XKHO- 
HOCHTeJIeH TOKa ObWIM B3ATbI BeJIH- 
Het 3000 u 500 cm?-B-!-cex-! coor- 
'TCTBeEHHO IX MOHOKPHCTaJJIM¥YeCKHX 
CMwlaBJeHHbIxX OOpasyoB). IIpu Temme- 
\TyTaX KaTalM3a B OOpaswax 1 un 3, 
Jlep2KauluX MaJIble KOJIMUeCTBa TIPHMecH, 
AHOBMJIaCb 3HAYHTeJIbHOM KOHIEHTpallHA 
*OCHOBHBIX HOCHTeJIeli TOKa 3a CYET TEINJIO- Beads 
TO BOZOYKeHHA peuleTKH. TpeHHupoBka Fer 
ypasiya 2° conpoBoxfasiacb “wacTHUHOH 


PSP OHKOIi i TaNHTHYECKOH aKTMBHOCTH f-repMa 
_ Kata a 3 : 
Ha puc. 2 mpencraBuleHbl appeHHyCOB- jo p-TepMaHus! B peakUMH yerHy- 


‘He MIpAMble JIA KaTaduTMYecKOrO je- pupoBanua sTanoma 
(pHpOBaHHA 9TAHOJIa Ha JIErHpOBaH- 

BX oOpasuax Ge, paccuHTaHHble Ha ‘ 

mM? mopepxHocTu. Ha puc. 3 mpuBeqeH rpapuK H3MeCHCHUA KarkyleHcA 9Hep- 
WM aKTHBallMH B 3aBHCHMOCTH OT KOHI[CHTPalHH OCHOBHbIX HOCHTeJIeH TOKa 
o6neme Ge, mocrpoeHubiit mo qaHHbIM Tabs. 1. O6pataeT Ha ceOA BHAMaHHe 
3KOe BOSPaCTaHHe SHEPrMH AKTHBAMH pH Nepexose OT AbIPOYHOrO K dJeK- 
OHHOMY THY MpoBoxumocru, cocraBisioujee 8—I KKaJI/MOb. M3 WaHHbIX 
61. 1 cneqyeT, UTO MPeIKCHOHCHUMAJIbHbIM MHOXKUTCIb U3MCHACTCA cuMOaTHO 
sHeprueli aKTHBalluH, T. e. WelicrBue 106aBOK Sb u Ga mpejcTaBJlxAeT 10 CBOeMy 
ApakTepy MOudHIMpOBaHHe. Bce H3MeCHEHHe SHEPIHM aKTHBallMu Tipu Wepe- 
SHE THIa IIPOBOAMMOCTH COBepulaeTCA Mp MaJIbIX KOHUCHTPpallMAX HOCHTEUCH. 
OCT KOHWeHTpaluuu HocuTesel oT 101° no 1018, qaromlui 3HaUHTeJIbHbIM CABHT 
DOBHA Depmu B OObeme Ge, He CKa3bIBaeTCA Ha BEJIMYMHE SHEPIHU aKTHBAUMH 
Kak culeqyer 43 puc. 2, He IpHBOJUT K YBeJIMYCHHIO KaTaJIMTHYeCKOH aKTHB- 
ocTH. Jlo HeqaBHero BpeMeHH MMesIa MeCTO TOUKa 3peHHA, CormacHo KOTOpOU 
3MCHEHHE MO/IOKeHUA ypoBHaA PDepMu B OODeMe NOMYMpOBOAHUKAa AOKHO 
[IbHO BIMATh Ha KaTasIMTHUeCKYIO AKTHBHOCTD (*, ey 


Puc. 2. TemnepaTypHaxd 3aBHCHMOCTb 
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Beenenue 3HauHTeIbHbIX KOJMYCCTB CYpbMbI B Ge MpHBOLHJIO K Pe3KON 
CHWDKeHHIO KaTavluTHY¥ecKOH aKkTuBHocTH. M3 puc. 2 caeqyeT, 4TO o6pa3el 
coyepxautnl 0,02% Sb, o6ana camon HH3KOH AKTHBHOCTbIO CpeM H3YYeCHHI 
JlerHpOBaHHBIX OOpasuoB. YBemuuenue coyepxKaHHa Sb jo 0,06% mpuBe. 
K OMHOM yrpaTe KaTaJIMTHYeCKOH aKTHBHOCTH. 

Ha o6pasue 6", cogep2Kaulem Sb u Ga B orHomennn | : 5 (HMeIOTCA B BU 
IIpHMeCH, BXOMALIHe B KpuCTasmMYeCKyIO pellleTKy) H OOMaaroueM J\bIPOUHO! 
TIPOBOAHMOCTHIO, Oblia NOyUeHa OOJIbUIaH SHeEPluA aKTHBalMH, YeM Ha TE 
pOuHBIX OOpasuax, coyepxauux TobKO Ga. OTO FroBopuT O BOSMOX 

HOCTH HM3O6NpaTebHOrTO HaKOMNJIeHHA § 
kKkan/mono B IIPHMOBepXHOCTHOM cJIOe. ’ 

V3102%KeHHbIe Pe3YJIbTaTbl BHOCAT HE 
KOTOpyIO ACHOCTb B INHpOKO JMCKYTH 
pyeMbIli BOMpoc O KaTaJIMTHYeCKOH PaBHC 
I@HHOCTH f- H  p-NOJIYMpOBOJHUKOE 
Jia H3yYeHHOH peakiuu JerupHpoBaHy: 
9TaHOa MOXHO C H3BeCTHOH | yBeper 
HOCTbIO YTBepxKMaTb, UTO 9HEPIHA aKTE 
BalluH peaKUMH Ha p-repMaHHH 3Hauh 
TeJIbHO HU>Ke, 4YeM Ha N-repMaHHH. CuK 
WkyeT C OCTOPOXHOCTLIO TepeHOCHTb 9TO 


oo ee 
CUT MOLIE ME AS 6. ROB BBIBOJL Ha Pyrve peakKUHH, OHaKO Jak 
Ott ign, —— ube, nomryuenuple IIBa6om c coTpyAHy 


KaMH JIA THAPHpOBaHHA 9sTHeHa | 

Puc. 3. Sete ate perce eke, pa3JIOKeHHA MypaBbHHOH KHCJIOTLI H 

Een eT aE HOCHTe- Ge (°, *) m craBuime HaM me ya 

reir ae moce saBeplueHHA Hale padorb 

KaTaJIM3y Ha JI€CTHpOBaHHbIX oOOpas3ila 

Ge, KaueCTBeHHO COBMayaloT Cc HallHM 

pesybTatamu. C coxkaJieHHl0, MaTepHad, OMYOMKOBaHHbIN YMOMAHYTBIMH aBTC 

paMu, COep2KHT OYVCHb NOBEPXHOCTHOe ONMCAHHe KaK MeTORUKH UCCIEAOBAaHUS 

TaK MW KHHeTHKH H3Y4aBIUMXCA peakIui, YTO 3aTPYAHAeT OMCHKY AOCTOBeEPHOCT 
TIOJIYYCHHBIX PC3YJIbTATOB. 

J[1a Oouee MOMHOTO NOHHMAHHA POJIH THNa NPOBOMHMOCTH B OKHCJIHTeJIbHC 
BOCCTAHOBHTEJIbHOM FeTepOreHHOM KaTaJlH3e CulelyeT HATH Kak 10 NYTH pactlilk 
peHHs Kpyra H3y4aeMbIX CHCTe€M, TaK H M0 HHH Ooee raryOokoro UCccIeEMOBE 
HHA KaTaJIMTHYeCKHX MpPOWeCcOB C NPHBJICUCHHEM JaHHbIX MO H3MCHEHHIO JJIek 
TPOHHBIX XapaKTePHCTHK NOBEPXHOCTH BO BPpeMA MpOTeKaHHA peaKkLuH. 


MuctutyTt dbusngeckoh XMMHM Tlocrynuso 
Akayemuu Hayk CCCP |] 28 I 1959 
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®HSHTECKAA XHMHA 
tO. B. NJIECKOB 
MHKEKUMA W OKCTPAKILHA HEOCHOBHBIX HOCHTEJIENM] 


TOKA HA NOBEPXHOCTH :FEPMAHMEBOrO JJIEKTPOJA 
B PE3SYJIbTATE JJEKTPOXHMYYECKHUX ;MPOMWECCOB 


(ITpedcmaeaeno axademuxom}A. H. ®pymxunoim 3 II 1959) 


_IlporekaHwe OKUCJINTe/IbHO-BOCCTaHOBUTE/IbHEIX MpomeccoB Ha TepMaHHe- 
SIEKTPONE OTMMUACTCA PANOM OCOOeHHOCTeH, CBA3AHHBIX C eFO MOMYMpOBO- 
KOBbIMH CBOMCTBaMH. Tak, Oblulo OOHapyxKeHo ('!-%), uTO mpomecc aHoOg_HOrO 
CTBOPCHHA TeEPMaHHA, B OTJIMYME OT PpaCTBOPeHHA MeTasJIa, MpoTeKaeT Cc yua- 
MEM J[bIPOK, T. €. MePeXOJAMe B PaCTBOP aTOMbI OTJalOT YaCTb 3JICKTPOHOB 
B CBOOOJHYIO, a B 3alOJIHCHHY1IO 30HY NosympoBomzHukKa. Brickas3aHo MHeHHE 
, UTO BC€ BOCCTAHOBHTEJIbHbIe MpOWecchl Ha FepMaHHeBOM JJIeEKTpOAe mpore- 
HOT C y¥YacTHeM TOJIbKO CBOOOJHBIX 9JIEKTPOHOB MOJYyMpOBOsHUKa, O- 
KO 3Ta TOUKA 3peHHA He NOATBepxKAaeTcaA MOcMezyIouluMU padotamn (4, °*), 
TOPbI KOTOPbIX He OOHAPYyXKHJIM Pa3JIM4HA B CKOPOCTH BbIAeIeHHA BOROposa 
KaTOqaX H3 repMaHHA n- u p-TuNa. Bpicka3aHo Npegnosoxenue (5), uTo mpu 
iCCTAHOBJICHHH HOHOB paCTBOpa Ha repMaHHeBOM SJIeKTPOse BICKTPOHbI Mepe- 
PAT Ha HOHDBI He M3 CBOOOHOH, a M3 3aNOJIHCHHOM 30HbI repMaHHA, OCTaBJIAA 
Hel JIbIPKH; TaKHM OOpa30M, peaKUMH SJICKTPOBOCCTAHOBJICHHA MOFyT CJLy- 
re MCTOUHHKOM MHKEKIMH JbIPOK B MOJyNpOBOAHHK. Cyeqyer OTMETHTD, 
0 B LHTHPOBaHHOH pabore (°) Ha MOBEPXHOCTH JJICKTPOAa OHOBPeMEHHO IIpo- 
ee 2 mpolecca (BOCCTaHOBJIEHHe HOHOB pacTBOpa H pacTBOpeHHe rep- 
JHU), UTO He aeT BOSMOXHOCTH OMHOSHAYHO TPaKTOBATh MOYYCHHBIC Pe3yJIb- 
\ThI. 
| Onpemenenue 3Haka HOCUTeENeH TOKa, YYaCTBYIOWUX B 2IEKTPOXUMHYECKOH 
aKUMH Ha MOJYMpOBOAHHKOBOM 3JeKTpORe, NpeACTaBAeT MPHHUWMNMaJIbHbIii 
uTepec. B HacTostlei paOoTe c STO TOUKH 3peHHA H3yYaJICA Me€XaHH3M HeKO- 
)PbIX MPOWeccOB Ha repMaHHeBOM IJIeKTPOLe. 
| QeKTPO U3 MOHOKPUCTaJMMYeCKOrO repMaHHA N-THIa C YMeJIbHBIM COMpo- 
‘BuleHHeM 2,5 OM-CM H Judpy3HOHHOH JWIMHOM HeOCHOBHBIX HOCHTeJIeH TOKa 
7 MM pescraBsl COOOM uCK JMameTpoM 6 MM H TOJIUMHOH OKOIO 0,1 mM. 
uCcTaorpaduyeckasd opHentalua moBepxuHocteH (111). Ilo okpy2xHocty AnCc- 
h Obl I pHNadH ONOBOM OMHUECKHH KOHTAKT B Bue KOJIbIla H3 HUKeIA. OrcyT- 
‘BHE BbINPAMJICHHA Ha KOHTAKTe KOHTPOJIMPOBaJIOCb M0 BOJIbTAMI€PHbIM Xapak- 
PHCTHKaM, CHATbIM B MepeMeHHOM TOKe (C MOMOLIbIO OcHMJWNOrpada) u B N0- 
OAHHOM TOoKe. IJoBepxHOcTb deKTPOa WIMpoBalach HU Mepe USMepeHHeM 
Bepraslacb OO6paborKe B TpaBuTee CP-4, MpHrOTOBJeHHOM M3 peaKTHBOB BBI- 
KOM CTEMeHH YHCTOTHI. QeKTPOA MPHKJIeHBaJICA CHJIMKOHOBBIM JIaKOM K KpaAM 
‘BEPCTHA B JHE BOPOHKOOOpasHOrO cocysa M3 MOMCTHpONa, NOBeMeHHOLrO 
IYTPH 3JIEKTPOXUMHYeECKOH AyeHKUH. KosbleBOH KOHTAKT HW TOKONOABON K SJIeK- 
OY H30MMpOBaIHCch cmoem uncToro mapaduHa. BuyTpH MouMCcTHpoOBoroO 
cya H BHYTPH AyeHKM HaXOJMJIMCb UCCJIEAYeMbIe PaCTBOPbI, TaK YTO TepMa- 
HEBbIi JMCK HHKHEM MOBEPXHOCTbIO KacaJICA NOBEPXHOCTH PacTBOpa, HaJIHTOTO 
aueHky, a BeEPXHAA erO MOBEPXHOCTb PpaHHUHJla C PaCTBOPOM BHYTPH Cocyfa 
3 nomuctupoa. [Ip nomouly AByX He3aBHCHMBIX IJICEKTPHYeCCKUX CX€M MO?KHO 
IO IIPONYCKaTb TOK yepes O0G6yIO H3 ABYX MOBeEpXHOCTeEH FeEpMaHHEBOTO IICK- 
AL 


Tpola HW HW3MepATb MOTeHMabl SeCKTPOMa OTHOCHTEbHO COOTBETCIBYION 
3ueKTpowoB cpaBueHus. U3mepenus mpoBoguiMch B aTmociepe OUMULCHH 
a30Ta B TeMHOTE. 

Bce 3HaueHHa MOTeHI[Masla MpHBeeHbl NO OTHOUICHHIO K HOPMaJIbHO 
BOJOPOHOMY 93JIeKTPOLy. 

Tlockonbky TosMMHa repMaHHeBOrO J/IEKTpOa B HECKOJIBKO Ppa3 M€Hb 
Lubpy3noHHok QJIMHbI AbIPOK, TO MHXKCKUMA HIM 9KCTPaKUMA AbIPOK Ha OHO) 
13 CTOPOH S/eKTPOa, COMPOBOXMalOllad MPOTeKAHHE 9CKTPOXHMHYECKO Peak 
UHH, BIMAeT Yepes UPpysHio AbIpOK Ha IpoTeKaHHe Apyrou sek ost 
peaKIUH Ha MpOTHBONOMOARHOM CTOPOHE 91eKTPOMa (eC KHHeTHKAa 3TOU peak 
3aBHCHT OT KOHIeCHTpallHH AbIpOK) 
Bpl6paB B KayecTBe HHIMKAaTOPHO 
ro Mpotecca aHOHOe pacTBOpeHM 
repMaHHa, § BeCbMa =: UY BCTBU 
TeJIbHOe K KOHICHTPallMH AbIpO! 
B WOmympoBoqHuKe (17%), MbI 7 
JIYUHIM BO3MOXKHOCTh CYAUTb 
TOM, COMpOBOxKLaeTca JIM CCE 
lyeMaad 3JIeKTPpOXHMMYeCKaA pe 
akUMA, WpoTeKatollad Ha Apyrok 
CTOPOHE 3JIeKTpOa, H3MCHEHHEl 


sonnom pa-  KOHMEHTpallHH NbIPOK B oOpasile 

AGE er pe eee N ESO, 1 Hop. Ha30BeM MH_WKaTOpHOH Ty CTO 
MaIbHad MouwspH3allvonHad KpwBaa MHgqMKa- POHY  QWICKTPpOfa, Ha KOTOPO! 
TOpHoro mMpowecca; 2—TO %e MIpu paren ipoTeKaeT WHAMKaTOPHbIi po 
pacTBOpeHHH Ha NOJIApH3aWHOHHOU . 
(Ean, =0,5 ma/cm?); 3 — ymenbulenne lun Baia te voripres 
B pe3yJIbTaTe IKCTPaKUHu af iy 
CTOpOHOH*. . 

Jia MpoBepKH OTCYTCTBHA CYWLCCTBCHHbIX CKBO3HBIX MOp B 3JeKTpPOTe 
KOTOPBIe MOIVJIH ObI BLI3BATb HCKAXKCHHE PC3YJIbTATOB, MbI H3MCHAJIM B WIMPOKH? 
mpefeiax (mpomycKaHHeM TOKa) MOTeHIMaJI TepMaHHA Ha OAHOK CTOPOHe U OHO 
BPe€MCHHO KOHTPOJMPOBaJIH MOTeHWMaN ero Ha Apyrou cropoue. HesaBucuMmocn 
TIOTCHIMAJIOB Ha Pa3HbIX CTOPOHAX NOKa3a/la, YTO SIEKTPO ABJIACTCA OCTaTOU 
HO CMVJIOWHbIM. OTe@IbHbIMH OMbITaMH ObWIO MOKa3aHO, YTO OMMCbIBAeMBI 
HwKe SidPeKT B3aHMOJeHCTBUA MBYX MpoOWleccoB, MpOTeKaloulM4X Ha MpOTHBO 
TOJIOXKHBIX CTOPOHAX MJIOCKOFO FepMaHHeBOPO IeKTPONa, HCUesaeT, CCIM TOMA 
Ha 3JIeKTpoqa B 7 pa3 mpeBblliaeT Audpy3voOHHyo AWIMHY J{bIPOK. . 

Yroonl yOequTbca B TOM, YTO OMMCaHHbIe Hu Ke sppekTbl He OGYCJOBJICHE 
HaJIMUHeM JJIEKTPHYeCKOrO NOA BHYTpH repMaHHA HIM CBOMCTBaMH KOVJIbIe 
BOrO KOHTAKTAa, MbI IIPOBeJIH CIeLyIOWMe U3MepeHHA. C NOMAPH3aNHOHHOH CTO 
POHbI yaJIAJICA PacTBOP, H Ha CyXy!O MOBEPXHOCTb repMaHHeBOoro AHCKa HaHa 
CHJICA OMMYCCKHH KOHTaKT HeOOJbUIOM maoulanH (30Hn). IlponycKaHue TOK 
MexKIY 30HJOM HM KOJIbILEBbIM KOHTaKTOM, He€3aBHCHMO OT ero HalipaBJIeHHA | 
CHJIbl (O HeCKOJIbKHX MMJIIMaMMep), He OKa3bIBaIO BIMAHHA Ha CKOpocT 
MHANKaTOpHOrO mpomecca. TakuM 06pa30M, HHAUKAaTOPHbIM Mmpowecc He pearH 
pyeT Ha MpoxoxjeHve TOKa Yepe3s NOMAPH3aWHOHHY!IO CTOPOHYy 3JeKTposta 
eCJIM He H3MeCHACTCA KOHICHTPaluA bIPOK. 

[lonapusaluoHHaa KpuBad MHAMKAaTOpHOrO npolecca, cHataa B 1 N pactBe 
pe H2SOa, mpupegena Ha puc. 1,/. Kpupaxa umeer xopouio BbIpaxkeHHyto OOacT 
«TOKa HacbIleHHA» (OOacTb B), oTBeualolero MpelesbHO HA3KOM KOHIeHTPA 
IMM AbIPOK Ha HHAMKaTOpHoN cropoue. II[pu mponyckaHuu yepes NOMApUsallHOR 
Hy!0 CTOPOHY aHOZHOTO TOKa MOCTOAHHOM CHJIbl CKOPOCTh HHAMKaTOpHOro Mmpe 
mecca yMeHbillaerca (puc. 1,2), ro yKa3bIBaeT Ha YMCHbUeHHe KOHWeHTpallu 
AbIPOK B DICKTPORe BCeEACTBHE 9KCTPaKUHH. ‘ 


Puna 


* o 
TIpeqioxenHblt HAMM MeTO, HalloMMHaeT MeTO H3Y4eHHA BMAHHA MpOTOHOR, nubpy! 
AMPYIOWMX CKBO3b SJIEKTPOA, Ha NepeHampsAxwenue Bofopoga (*). B Hawlem cmayuae, oHaK 
oTCyTCTByeT MepeHoc BellecTBa CKBO3b 3JIeKTPOL. 
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HTEPCCHO, NTO pH NOCTOAHHOM CKOpOCTH SKCTpaKUMH BUMAHMe SKCTpaK- 
1 Ha CKOPOCTb HHAMKATOPHOrO Mpolecca 3aBHCUT OT MOTeHUMaa HHAUKAaTOp- 

cTopoubl (puc. 1,3). Ha6mtogatoulyioca saBucumocts HETPYAHO, OHaKO, 
sACHUTb. IIpH MawIbIX 3Ha4eHHAX NOTeHIMama CKOpOCTb aHOQHOFO pacrTBo- 


HHA TepMaHHA OMPeAeAACTCA CKOPOCTbIO avIeKTPOXHMMUeCKOH cTaquu mMpo- 
(ca MW elle He 3aBHCHT OT KOHIeHTpa- 

AbipoK. Ilostomy B o6sacTu noreH- mafem? 2 
ios A (puc. 1) aHogHoe pacrsope- 
} T@pMaHHA HEYYBCTBHTEIbHO K 9KC- 
IKIMH JIbIPOK, Mpoucxossmel B pe- 
IbTaTe MOCTOPOHHUX mMpoleccos. C 
rol CTOPOHbI, MpH-BeebMa MouIo- 
IJIbHBIX NMOTeHIMalax (B oOGsacTH 
| Kora KOHWeHTpaluaA AbIPOK y 
(MKaTOPHOH CTOPOHBI CHH3HJIacb JO 
Pella, CKOpOCTh mpolecca onpese- 
PTCH CKOPOCTbIO OObeMHOli reHe- 
KH JbIDOK A MOXeT ObITh YMeHbIUIeCHAa 
#€3yJIbTaTe SKCTPaKUMH MeHee, FEM B 
aga. MakcuMabHoe BJIMAHHE 9KC- x 
\ ae HaOmlofaeTcA IIpH mMoTeHiMase “Os =h 45 6 

bo 0,5 B, KOra CKopocTb aHoqHoro Seah fice ae OS oe 
‘TBOPCHHA YXKE 3aBHCHT OT KOHILCHT- Se esate beans B repanaent A ones 
(HH AbIPOK UB OOpasile, HO 97a KOH- KTpOX pu BoccTanoBseHun K3Fe(CN)¢. 1 — 
TpauuA elle BeCbMa BeJIuKa. KaTowHaa NOAApH3alNoHHaA KpHBad, 
HanOobum uHTepec mpeycraB- cxataa B_ pacrsope 1,8 N KOH+ 
i usyyeHue onucaHHbiM Mmetogom +9,03M KsFe(CN)6; 2 — caBur Motenumana 
| MHAMKaTOpHOH  cCTOpOHLE (NpH ly, = 
KaHW3Ma BOCCTAHOBHTEIbHBIX MPO- "4 «5 Naf cry Mane ioorecane Gace 
COB Ha Te€pMaHHe€BOM KaTOZe, M0- crayopurempuoro mpouecca Ha MomapH3a- 
JIbBKY MO STOMY BONpOocy B JHTe- I[HOHHOH CTOpOHe 

rype HMMeIOTCA MpOTHBOpeUMBEIe CBe- 

ius. Ha puc. 2, / npupegena no- 

PH3allHOHHaA KpuBaa BoccraHosmeHua KsFe(CN), 8 1,3 N pactBope 
DH. IIpu soccranopmenuu KsFe(CN), Ha mMOoApH3alWOHHOH CTOPOHE 


2 


mafome 


(a | 2 r aR 


Suwa 


Puc. 3. Umxekuua AbIPOK Mp BOCCTAHOBJICHHH KsFe(CN)g¢ Ha 
repMaHvesom 9vleKTpose. 1 — HopMadbHas eae 
Kp4Bad MHZMKAaTOpHOroO Mpomecca B 1,3 N KOH; 2—To xe mp 

Boccranopenuu K3Fe(CN)g Ha MoAApHSaMOHHOH CTOPOHe 


(oa = 0,4 Ma} cM?) 


2KTpofa CKOpOcTb HHAMKaTOpHorO Mpollecca (piel3a NV Be HS) 
IbHO yBeIMUMBaeTca (pvc. 3). OroT PakT He/Ib3A OObACHHTb aie co ee 
IICHHEM KOHIUeHTpallMu AbIPOK B MOJyMPOBOAHHKe B eae: ua : i 
13QHHOMi C MpoleccoM BOCCTaHOB/eHUA (beppulMaHHsa. ST ree Sie E 
(CN) ,°", BoccTaHaBIMBascb Ha repMaHHeBOM S/eKTpONe, NoTyya p 
He 43 CBOOOMHOM, a U3 BaJICHTHOM 3OHbI MO YNPOBOAHHKa. 
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TakuM 06pa30M, IIPAMbIM MeTOJOM OOHapy2KeHO ABJICHHe HHAKCKIMM AbIPOE 
B T€pMaHHeBbIii 9JIEKTPOL MpH MpOTeKaHHH Ha H€M BOCCTAHOBUTEbDHOU pcak 
uuu. AHaJIOPHYHbIe pe3yJIbTaTbl MOJyualoTCA, CCH 34MCHHTb cep puunaHug 
lepMaHranaToM Kaslua (B 1 N pacrpope HeSQO,)*. 

Oco6oro BHUMaHHA 3aCJIy2KUBaeT TOT (akT, YTO BJIMAHME HH*KCKUMH Ha HHA 
KaTOPHbIM Mpolecc pe3KO YMeHbIWaeTCA, ECM OHOBPCMCHHO C BOCCTAHOBJICHH- 
em (beppHitManufa Ha TepMaHHeBOM 3JIeKTpOAe HayWHaeTCA BbIJeICHHe BOMO= 
poga (puc. 2, /, o6mactb A). O saTpyqHeHHN HIM oO1erueHHuu HHJUKaTOpPHOPO 
mpollecca pH OJHOBpeMeHHOM IIpoTeKaHMH Mpolecca Ha NOMAPH3SalMOHHOM CTO= 
poe MBI CYAMJIM M0 CABUry NOTeHUMaJa HHDMKATOpHON CTOpoHub! Agung B CTOPOHY 
COOTBETCTBEHHO MOJOKUTCIbHDIX HIM OTPHUATebHbIX 3HAYeHHH MPH MOCTOAH= 
HOM MVJIOTHOCTH TOKA inn . C POCTOM CKOPOCTH BbILeNeHHA Hy BJIMAHHe HHKCKUMM 
yMeHbuaetca (pic. 2, 2), IpH4ueM 9TO ABJeHHe OOpaTHMO, CCH CKOPOCTb HM 
BpeMA BbijemweHua He HeBesMKH. Ec 2Ke CKOpPOCTb BbIJeUeHHA BOROPOAa JO- 
cTuraet 10°? a/cm?, TO yxKe 4uepes3 2—3 MHH. TaKOM 3IeEKTPO MOMHOCTHIO TE- 
pxeT ciocoOHOCTh MepefaBaTb BJIMAHHe HHKEKUMM UM 9KCTpakUMH Ha HHAMKa= 
TopHylo ctopony. BoccraHoBjeHue STOH cmocoOHOCTH MpoHcxO_UT pH OOHOB 
JICHHH MOBEPXHOCTH MOJAPH3alMOHHOM CTOPOHbl SJIeEKTpOa Me€TOOM XHMHYE- 
cKoro HJM aHosHoro TpaBleHua. AHaJIOrMuHble pe3yJIbTaTb! NOJyyeHbl Mp 


BOCCTaHOBJIeHHH HOHOB MnQ,. 

IIpuunva 9TOTO HeEOKUAAHHOrO S*PPeKTa 3aKkJIOUAeTCH, MO-BHJMMOMY, B TOM, 
YTO BbIJeJIAIOMMHCA Ha TepMaHHeBOM KaTOJe BOJOPO, BHEAPAHCbh B KpHCTad- 
JIMYeCKYIO pellleTKY MOJYMPOBOAHHKa, YMCHbUaeT BPCMA 2KH3HH HEOCHOBHBIX 
HocuTesieH Toka (°). B pe3yibTaTe BHEApeHHA BOMOpOAa Ha NOJAPHSal\MOHHOM 
CTOPOHE BOSHHKaeT MOBEPXHOCTHHIii COM C MOBbILICHHOH CKOPOCTbIO peKOMOH- 
Hal, H BCAKO€ H3MeCHCHHE KOHICHTPalluH AbIPOK BCEACTBHE HHKEKIUMH HJ 
9KCTpaKUMH TaCHTCA B Pe3yJbTATe PCEKOMONHAILMU (COOTBETCTBEHHO, reHepally) 
B 9TOM CJloe. BHeqpuBLIHHcaA B repMaHHH BOOpO ObicTpo yMasiAeTCH M3 KpH- 
CTaJIJIMUECKOH PeleTKH, CCIM BPCMA MH CKOPOCTh BbIeeHHA He Ob He3HauH- 
TeJIbHbI. [lo-BHqHMOMYy, B 9STOM CJlyuae TulyOHHa MPOHHKHOBeHHA BOLOpoOa 
repMaHHii u 9HeprHaA cBA3H Ge —H HeBeJINKH. , 

IIpHHomly uckKpeHHiolo OularofjapHocTb mpod. B. H. KaOanoBy 3a MOMOMI[b 
pH OOcyKeHHH pe3yJIbTAaTOB. 


VMucrutyr 3ekTpoxuMun Tloctyn uso 
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TakKe IPH HWKEKILMH AbIPOK B repMaHHli [pyrHMH CloOcoOaMu, HalpHMep ocBelleHHem NomApusa 
MMOHHOM CTOPOHb SJIEKTPOa WIM C MOMOMIbIO BKJIOYeHHOLO B MpOMycKHOM HalpaBAeHuH p—n 
hepexoa, PactosOxKeHHOrO BOAH3M MOBepXHOCTH TepMaHHit — sueKTponuT (?,’). 
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Hornagm Akanzemun nayk CCCP 
1959. Tom 126, N 1 


PH3SHTECKAH XHMHA 


Axayemuk A, H. ®PYMKUH wu JI. H. HEKPACOB 


O KOJIBUEBOM JUCKOBOM JJIEK TPOJE 


fMpOcTpaHeHHe BpalllalollMHcA AMCKOBHIL S/eKTPO, NO3BOUAIOMMH U3y4aTb 
puUeCCbI Kak B Auddpy3vOHHOH, Tak HM B KMHeETHYeCKOH OOmacTax. LleHHOcTD 
TO SJleKTpOa CBA3AHA C HaJIMYMEM TOUHOM TEOPHH KOHBCKTHBHON Audbbysuu 
ppaliaioulemyca Wucky, paspaOoranHon B. I. Jiesuuem (3). 

B wactosulelt CTaTbe ONHCbIBAeCTCA METO MCCJIEQORAHHA KOHEUHBIX H TIpo- 
i ates (CTaOHJIbHBIX H HeCTAOMJIbHBIX) MPOLYKTOB 2JIeKTPOXHMHYeCKOH 
KIM, MpoTekalouleH Ha NOBEPXHOCTH JHUCKa, KOTOPbIli NO3BOAeT pacluMpuTb 
Py MpHMeHEHHA AMCKOBOFO BIeKTpONa H pellaTb C eFQ MOMOLLbIO HOBbIe 
aun. 

JA STOW We MOMKHO MCMOMb3OBaTb BPAalllalollMHCA «KOJIbILEBOM» JMCKOBBIM 
KTPOJ, MpeACTaBIAIOWLUH COOO CHCTeMy H3 JBYX H€3aBHCHMBIX 3JIEKTPOLOB — 
[Ka HW KOJIblla, PaCMOJIOXKeHHbIX B OAHOH MJIOCKOCTH U Pa3JIeJIeEHHbIX y3KOH 
DIMpyrlouleH MmpoKNaqKoH. OOpasyroulueca B Mmpowecce dseKTpONH3a Ha JMC- 
30M 3JIEKTPOe KOHEYHBIM HW MpOMeXKYTOUHHI MpOAYKTbI MOryT ObITb 3acpHKcu- 
aHbl IYT€M HX BOCCTAHOBJICHHA UJI OKHCJICHHA Ha KOJIblle SIeKTpORa, Ha 
FOPOM MOXKHO MOJYYNTh NOJAPM3alHOHHY!IO KPHBY!O C IIpeeIbHbIM TOKOM 
y3uH M0 ucceyemMomy BellecTBy. Ecuim tbopMa TaKOH mOJApH3allMOHHOK 
BOH H3BeCTHa, TO IPH MpakTHYeCKOM OCYILECTBJICHHH 9KCNepHMeHTa B pAe 
ee JOCTaTOUHO OFpaHHUMTLCA H3MePeHHeM BeJIMYHHbI TOKA Ha KOJIbILeEBOM 
>KTPOMe MpH MOTeHWMale, COOTBETCTBYIOUICEM OOaCTH MpeeJIbHOrO TOKa, 
‘OM HJIM HHOM 3Ha4eHHM TOKa Ha AucKke. HanGoulee oman (bopMa NpHMeHeHHA 
rola JOUKHAa 3aKJIOUaTbCA B CHATHM HECKOJIbKHX TOJHbIX MOApOrpaMM Ha 
Ibe MPH HaJO*KeHHH pa3JIMYHbIX MOTeCHUMAIOB Ha JMCK, YTO BCerfa N03B0- 
Fr YCTaHOBUTb OMTHMAJIbHbIC YCJIOBHA IIPHMCHECHHA MeTONa IIA UCCeqOBaHuA 
k uM Apyrux MOJJyMpOAyKTOB. 

er a np MeTOJ, IIPHMeCHHM K HCCJIEMOBaHHIO HeCTaOWJIbHBIX NOJYMpo- 


TOB JIMIUb pH yCJIOBHM, UTO HCXOQHOE BEMLeCTBO MH OKOHUATEJbHbIN NPOAYKT 
KIMM He pearupyloT Ha KOVJIbIe B TOM HHTepBae NOTeCHWMAJIOB, Ae BOCCTa- , 
esa (HIM OKHCJIAeTCH) HCCJIELYeMbIH MpOAYKT. 


Hecta6ubHble MpOyKTbI MOryT HCUe3ZaTb KaK B pesyJIbTaTe JaJibHenMert 
KIMH Ha NOBEPXHOCTH SJIeKTPOMa, TAK H BCMECTBHE Mpowecca B OObeMe pac- 
pa, HallpuMep B3auMojelicTBHA C PpacCTBOPHTeeM HJM ApyrHMH KOMIOHEH- 
M pacTBopa, JucmponopuMonupoBaHHa u T. X. B HacTostemM CooOl\eHHH MBI’ 
aHH4HBaeMCA IIepBbIM CJlyyaeM. : 
B cBa3u C TeM, YTO BPEMA XKH3HH HECTAOHJIbHOTO MOJYMPOLYKTa MOET OKa~; 
bCH MaJIbIM, JWI MOBBILMCHHA UYBCTBHTEJIbHOCTH METOJa CleRyeT MAKCHMAUJIb- 
YCKOPHTb JocTaBKy MouynpoyKta oT AucKka K Koubuy. Ilocneqnee Bocru-, 
TCA YMCHBIUCHHEM TOJILMHbI H30NMpYIOlweH MpOKMaKH Mex y AMCKOM H 
bILOM H YBeIMYCHHEM CKOPOCTH BpallleHHA 3JIeEKTPOMa. ; 7 
IlockoupKy B THApomMHaMMyeCKOM OTHOLICHHH pe IO2KCHHbIH SEKTPOM, 
AcTaBIAeT COOOM BpallaollvucaA AHCK, OKa3aJIOCb BOSMO?KHBIM paspaborats, 
WYeCTBEHHYIO TeopHio Takoro aueKTpoga. JO. Bb. Vsauos u B. I. Jlesuu(’), 
ANOKMIM CHeLylouly!o (opMysy, CBASbIBAIOILy!0 MJIOTHOCTb yudy3HouHoro:, 
OKa YaCTHIL MOyMpOAyKTAa Ha KOJIbILeEBOH IJeKTPOA j(r) Ha paccTosHHH fF, 
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OT IeHTpa JMcKa C KOHCTaHTOM CKOpOCTH MpeBpallleHa MpOMexKYTOUHOTG 
TIpOAyKTa B KOHeYHBIM Ha JMCKOBOM 9JIeKTpoye — k: 


‘ eas 
0,4 jo rite [ Gg r2 (1 

ie ro \3)/8 BulrNel a 
epee een 


Te foXr<KPrs} jo —MMOTHCCTH udpy3HoHHoro MOTOKa UYacTHI, UCXOAHOTO 
BellectBa Ha JMCKe; 1, fo, fe —palWycbl Tpex 30H 92JeKTpoya (puc. 1); 
Dz — koabpunent Aupdysun mosyuposyktTa 
$93 —Tomuyuna yudbysHoHHoro §=morpaHHuHoro 
COA LA NOWyMpoLyKkrTa. 

IIpu mepexoye K cusie TOKa AIA 9NeKTpOAa 
C KOHKpeTHO IIpHMCHABLUMMHCA HaMM WapaMeT— 
paMu pesyJibTaT WHTerpHpoBaHua ypaBHenusa (1) 
10 IOBepXHOCTH KOJIbI{a MOXKHO TipeACTaBHTb 
we Bue 


LI LP LG LG LG 
Chih hhh nh pehanhe dee 7 


N 

NN 0,457, 
2 uN I, =~ 2 
6 HN * T+ ko5/ Dz f 
g HN j 

N rye J,—BenMuuHa MpesesbHoro ToKa Au 
aenNn y3sun Ha Kkoubue, Jo =NFjo. Tlombsysact 


IIPHBeeHHOK (popMyJIOH, JierKO HaMTH BeJIMUHHY 
Rk [A MpoMexkyTounoro mposyKra. 7 
OOpa30BaBIUHicA MpOMexYTOUHbIN MpOLyKT 
ylasaetcsx C MOBepxXHOCTH jicKa Kak IlyTeM 
WabHeliuero TpeppalleHuA, Tak HW Auddy- 
3HeH B OObeM pacTBOpa, 4TO ANA cyuaA 
lipeflesbHorO MoToKa Aucdpy3snv no ACXOAHOMY 
BeLLECTBY MOXKHO BbIPasHTb ypaBHeHHeM 


’ 


BREESE EES See | 


ID te ID @ 
“tee A SOabial B “sB 
Fi ier BoA Jacl Resp = i BoB ’ (3) 


Pac. 1. Kompuesofi xuckosnit TAC Coa— OObeEMHAA KOHICHTpalluA MCXOAHOFO 
SeKTpOL (A) HM WMNMHeIb ycTa- BeWleCTBa, Cszg — IIOBEPXHOCTHaA KOHIeCHT pals 
HOBKH 11a Bpalenua(5) (paspes) momympontyKtra; Da WW 694 — COOTBeETCTBeHHC 

KosppunneHT Auphysun u TomMmuna Duh 
(by3MOHHOrO MOrpaHwyHoro)§ cuIOA WIA ucxoqHOorO sBellecrBa. I[loycraput 


sHayeHve Rk, HalieHHoe u3 ypaBHeHua (3), B (2), HerTpyqHO MosyuuTs coor 
HOLWeHHe 


/ Dp 2/5 Cop 
j ERI C1 © (> | raat (4 


Y paBHeune (4) HeCKOJIbKO HallOMHHaeT ypaBHeHve KOHIeHTpalMoHHOlt NOApH 
3a, HO, B OTJIMUMe OT NocweAHerO, CHa TOKa Ha KOVJIblle M3MeHAeTCA M1po 
MOPUMOHAJIbHO BeJIMYHHE Csp, a He (Cop—Csp), KaK 9TO OIKHO GbINO GF 
HaOJOAaTbCA TPH CHATHH MO/APH3AaNMOHHEIX KPHBbIX B pacTBope, coyepKarlel 
TOJYMpOAyKT peakWHH C HCXOAHOH KOHWeHTpallMeli Cog. Takum o6pa3om, ecu 
CKOpocTb OOpas0BaHus MpoMexkyTouHOrO MpokyKtTa nocrosnua (Io = const) 
TOK Ha KOJIIC ROJOKeH MataTb NO Mepe NpHOuIMKeHMA TOKa Ha AucKe K mipe 
AeMbHOMY SHAYCHHIO, MU 3aBMCHMOCTb Jy OT MOTeHI{Mala AMCKOBOrO aeKTPOF 
AOWKHA UMeTb PhopMy oOpaTHo mMouaporpaduyeckoli BONHEI. 

IIpuMensaBuniica Hamu a1eKTpoq u300paxeu Ha puc. | A: a — JlaTYHHbI 
UMIMHAp C NpHladtHHbIM AMCKOM M3 MlaTHHbI WIM 300Ta; 6 —Tpy6Ka u3 wx 
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JMCb B Te@JOHOBEIE OOolimbI. Pasmepsi pabounx 30H 
eKTpofa ONpeeAHCh NapamMerpamu: fi = 0,25 cm; 
= 0,275 cm; rs = 0,36 cm. Ha puc. 1 B H300paxKeH 
a3pe3e IINHHACIb YCTaHOBKH JIA BpallleHus, B KOTO- 
WH BBHHYMBaIcA padounH sleKTpoy. Baarogfaps ua- 
(UHIO H30NAlMN (0) Mex%Ky BHYTpCHHeli (e) u BHeLI- 
HM (9c) CTO YaCTAMH HM@JaCb BO3MOXKHOCTb HesaBHCH- 
prO NOABOAa TOKa Yepes WINMHACb Kak K JUCKy, TaK 
IK KOJIbILy 91eKTpofa. TOKM K WINMHeIO NO_BoOANUCh 
CpeAcTBOM PTYTHOrO (3) HM CKOJIb3Alero (uu) KOHTAaK- 
iB. JIA BpallleHHA S/I€KTPOJa MpHMeHAJIaCb ycTaHoB- 
1 C PTYTHbIM THApaBJIMYeCKHM 3aTBOPOM, MO3BOJIAIO- 
AA OCYULECTBUTb CKOpPOCTH BpaleHua NO 15 000 06/mun 
yCJIOBHAX MOJHOK TrepMerHuHocTH. M3mepurepuaa 
(eMa COCTOAJIa H3 ABYX H€3aBHCHMBbIX MOJAPH3alHOH- 
IX CHCT€M H KOMME€HCAI[MOHHOM CXeMbI WI H3MepeHuA 
JTEHIMAaIOB OOOHX 3JIEKTPONOB. 

_ PaspaOoTKa MeTOJMKH HCHOIb30BaHHA KOJIbIeBOrO 
KCKOBOrO 9JIeEKTpOfa M NpoOBepKa TeopeTHyecKoli cbop- 
yJIbl IPOM3SBOAMJINCb HAMM Ha IIpHMepax peaKu Roc- 
aHOBJICHHA XHHOHA HM KHCOpora. 

Bbiiv MpOBeseHbI ONbITLI MO BOCCTAHOBJICHHIO XHHOHA 


TMAPOXHHOH Ha IJlaTHHOBOM JHCKOBOM 9J1eKTpoze B | N 
eTBope KCl u dboccdbatHom Oydepe c pH 7. [lomsapusa- 


HH C IIPHMaHHHbIM KOJIbILOM H3 WaTHHbI WIM 30n0Ta; ¢ — 
omupyloulad NpOKJalKa u3 Tediona. Hapyxuan o6onoy 
KXKE H3POTABIMBallaCh U3 TePIOHAa; MeTaJIMUeCKHe Yacry 


TOHKax (0,25 mm) 
Ka 9uleKTpoga (2) 
JIOTHO BIIpeccoBLI- 


1 cE 
“Of 0 +0 +02 +036 nhs 
4, 


Puc. 2. Jlonapus3a- 
ILHOHHBI€C KPHBbIe OKHC- 
JIGHHA PHApOXHHOHA Ha! 
KOJIBILEBOM IJlaTHHOBOM: 


sleKTpone (m= 2150 

o6/mMun). 1—I, = 0; 

2— I, = 450 pa; 8 — 
I, = 900 va 


HOHHbIC KPHBbIC OKHCICHHA OOpas0BaBlerocA rupOXHHOHAa Ha MJaTHHOBOM 
DAE B 1 N KCI npusegentr wa pwc. 2. YcTaHoBsieHo, 4TO B clyyae O6pa3so- 
| BaHHA CTaOWJIbHOrO NMposyKtTa 
(k = 0), KaKOBbIM 
THAPOXHHOH, Ha KOJIbIle MpH 
yKa3aHHbIxX 
ylaetca (uKcupoBaTb 38-+1 % 
o6pa3yrollerocA MmpoyyKTa. 
OcoOpli MHTepec WIHd Hac 


ABI ACTCH 


pasmepax {308 


| G2 04 06 08 10 12 14 16 18 208nk=a 


12 04 06 08 $0 2 6 18 Bbnks 
%; 


c. 3. A —MoApH3alMoHHaA KpvBaa KaToAHOrO 
CCTaHOBJICHHA KUCOpoOa Ha 30JIOTOM aMaJIbraMupo- 
HHOM JHCKOBOM asekTpoze B 0,1 N NaOH (m= 
2150 06/mun) (nyHKTHpom—ncmpaBseHO Ha TOK (o- 
). B — coorsetcrsyloujad KpuBaxd 3aBMCHMOCTH Tpe- 
bHOrO ToKa oKucmeHua H2O2 Ha KOJIbIICBOM 9SJIeK- 
Tpoge OT MoTeHUMasa WHCKOBOrO JeKTpOMa 


WpeAcTaBJAJIa peaKWHA BOCCTa= 
HOBJICHHA KMCIOpPOMa, HpPOTe- 
Karollad Ha aMaJIbraMUpOBaH- 
HOM 93JIeKTpowe B WeOUHOM 
pacTBope B jipe CTayMu: 


Os -- 2(- + 2H20 > 2H,0.; 
HO, + 2e- > 20H-, 


KOTOPbIM COOTBETCTBYIOT Be 
BOJIHBI Ha MOsAporpaMme. 

B o6sacTH MepBOH BOJIHbI 
HeOz2 sBaaeTcH cCTaOHJIbHbIM 
mposyktom (k = 0) um MoxeT 
HaKallJIMBaTbcaA B pacTBope, HO 
B OOJaCTH BTOPOH BOJIHbI OHA 
mpelcTaBsaeT cOOOM MpoMerky- 
TOUHBIN mpozyKtT (k>0). Ha 
puc. 3 mpHBefqeHa NOApn3a- 


OHHaAdA KPUBaA KaTOAHOLFO BoCCTaHOBJIeHHA KHCMIOpOwa Ha 30JIOTOM aMaJIbra- 


POBaHHOM JHCKOBOM 3JIeKTPOJe B 


0,1 N NaOH (A) u coorsercrTByloulaa eh 
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/KPHBasd 3aBHCHMOCTH CHJIbl LUdpy3HOHHOrO TOKa OKHMCJCHHA o6pas0BaBule ic 
‘HepeKHCH BOMOpOsa Ha 3OMOTOM KOMbUEBOM S/eKTPOLe OT MOTeHMMala AUCKI 
Boro aulekTpoxa (5). PuKcupyeMbiit BbIXO, HeOz, BbIpaxeHHbIM B MpoueHTa 
cocTaBuiser B OO/aCTH MepBOH BOJIHbI TY %Ke BeJMYMHY, YTO BEIXOM THAPOXE 
HoHa (37%), T. €. OIM30K K paCCUMTaHHOMY TeOpeTH4eCKH (45%), HO HecKO 
KO HWKe MocseqHero. PacxoxK[eHHe OKAaSbIBAeTCA Cle MCHbUIMM, CCIM YHECE 
yTo (opmysia (1) AaeT pesybTaT, 3aBeEOMO SaBHILICHHBIM NPpHMCPHO Ha 5% @ 

B o6macTH BTOPOH BOJIHBI 93TC 


6 BbIXOJ Malaer C pOCTOM NOTeHIMAa 
eae Jia MpoOmopluoHasIbHO H3MCHEHH 
a8 BeJIMYMHBIC,,, M rpacpuK, MocTpoel 
SOI a : HbIii B KOopaquHaTax J,—C.,, Ipey 
S + ve ___, craBaderT co6oH NpAMyIO JIMHHE 
od A f 9 uTO SABIAeTCA  MOATBEPXK CHE 

NR seaey ag cipaBeqMBoctH (cpopmystbt (4). 

Puc. 4. 3apucuMocTb WorapHdMa KOHCTaHTbI CKOpPO- To »#e lOKa3aTeJIbCTBO Ip 


CTH peaki\uu BoccTaHoBAeHHaA H2O2 of NoTeHI\Malla BYJIbHOCTH Me€TOa MOXHO TPOB 

CTH MpoBepKol ypaBHeHuaA (2 

Ha pune. 4 mpezcTaBieHa 3aBHCHMOCTb JIOrapHdpMa KOHCTaHTbI CKOpocTH pea 

uuu BoccTaHoBieHHA HeOs or MOTeHIMasla, MpHueM MpAMaA JIMHHA MOCTPOeE 

Ha OCHOBe HemocpefCTBeHHOTO oOMpeeleHHA KOHCTaHT CKOpOCTH B pacTBOpt 
“HeO2 us KMHeTHUeCKHX JaHHbIX NO ypaBHeHHIO 

j aF (p — 

i = knF (H,O2], = kinF (a= i) [HOo]p exp (= ap | 


a TOUKH pacCuHTaHbl 10 ypaBHeHuio (2), B3ATOMY C 9KCMEPMMEHTaJIbHO Hale 
HbIM 3HaveHHeM UMCIIOBOrTO KosddpulNeHta 


0,38 Jo 


TERI /Da bie 


Benuunna Kosppuunenta Auppysuu H2O2 B 0,1 N pacrsope NaOH, pasuas 
mMpuOim2KeHHO 9,3 +1076 cm?/cek, OblIa OMpeeueHa ONbITHBIM IyTeM C MOMOMLbK 
AMCKOBOrO SIeKTpofa. CoBnayeHve BeJIMYHH KOHCTaHT CKOpOcTH, paccuNTaH 
HbIX JIBYMA CMocoOaMu, yOBJIeTBOPHTebHOe. 

CieqyeT OTMeTHTb, YTO H3MepeHHA TOKa OKuCeHHA H2O2 Ha KOUIbIe Bl 
uU30€KAaHHNe MaCCMHBaMH 30/I0TOFO SJIeEKTPOa MPHXOMMMOCh NpOUSBOAUTS pl 
OOJIbIIHX CKOPOCTAX HalOKeHHA ToTeHUMana (2,5 B/MuH). B stom cuyyae Bes 
NOAPHSalMOHHaA KPHBaA CHHMaJiacb MpHMepHo 3a 15 ceK., 4TO RocTuraJocl 
MOCPeACTBOM HMCIOJIb3OBaHHA MOJeCPpHH3HpOBaHHOrO Nomaporpada TetiposcKxor 
C YBeIMYCHHOH CKOPOCTHIO BpallleHuA OapaOaHa. ToK u3MepsJIcA MuJIIMaMnep 
METPOM TOJIbKO B OOJACTH NOTEHUMAIOB, COOTBETCTBYIONIUX MIpeebHOMY TOK} 
qubpysuu. Ilpu Oouee MeqeHHOM H3MepeHHH MOMAPH3aNMOHHBIX KPHBEIX 
SIEKTPON NaCCHBHpOBaJICA HM MIpOWecc JMMHTHPOBaJICA He Juddy3sHOHHbIMA 
a KHHeTH¥eCKHMH cbakTOpaMnH. 


Mockosckuli rocyqapcTBeHHbili yHuBepcuTer Tlocrynu0 
uM. M. B. Jlomonocosa 3 III 1959 


UMTHPOBAHHAA JIMTEPATYPA 


; 1B. TI. Jlesuu, OusyKo-xumuueckaa ruqpoquvamuka, M3y. AH CCCP, 1952, crp. SC 
#10.5 Msaunos,. B, I: Menu, JAH, 126, Ne 5 (1959). 
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Jlokmann AKkanemun nhayrk CCCP 
1959. Tom 126, M1 


PHSHYECKAAH XHMHA 


tO. JI. XAJIMHA, A. HW. TAJIBBHK iu B. A. MAJIbM 


3ABHCHMOCTb CKOPOCTH K MCJIOTHO-K ATAJIATHYECKON 
PEAKUAMM OT OCHOBHOCTH PEAFEHTA B CJIYUAE 
«OBLETO KHCJIOTHOFO KATAJIN3A» 


(ITpedcmasaeno axadenuxom B. H. Kondpamoesoim 24 XII 1958) 


_ KuculorHo-KaTasiMTHyeckue peaKI{HH, MpoTeKalolve B He CJIMLIKOM CHJIbHO- 
CUIbIX Cpeqax, IPHHATO KJlaccHHUMpOBaTh B J[Ba THMa: NOLYMHAIOMINECA 3a- 
{HOMEPHOCTAM «OOMero KHCJIOTHOFO KaTasIH3a» H MOMYMHAIOUIMeCA 3aKOHOMep- 
ICTHM «CMeWMPHYECKOrO KHCJIOTHOTO KaTasI43a» HOHOM Bogopoga (1). Tepmua 
SIM ~KUCJIOTHBIM KaTaJIH3» MIpHMeHAeTCA B TeX CyYaAX, KOPa KOHCTaHTAa 
OpocTH peakKIMH MOXKeT ObITb BbIPaKeHa B BAe MOMMHOMA, KaxKMoe Cularae- 
€ KOTOPOrO MPOMOPLMOHAJIbHO KOHILCHTPalMu KaKOH-H60 KHCJOTHI, MpHCyT- 
yroluleH B cHcTeMe: 


k = ku,o [H:0] + kt [H*] + Ra [ArH] + Rags [AsH] +... (i) 


PMHH «cnelwMpuyeckHl KUCJIOTHBIM KaTaJlH3» HOHOM BOOpoya O3sHadaeT TOT 
yuau, Kora KOHCTaHTa CKOpOCTH peaKUHMH MponoplMoHnabHa KOHIWeHTpalluu 


i a BOJOPOJIHBIX HOHOB (B BOJHBIX pacrBopax [H;0*): 

| 

ee eo” |, (2) 
_B KOHUeHTPHPOBaHHbIX paCTBOpax KMCJIOT H HEKOTOPbIX Oe3BONHBIX KACJOTAX 
SrapHM OT KOHCTaHTbI CKOPOCTH pAla KHCJIOTHO-KaTaJIMTHYeCKHX peakuui 


XOJMTCA B JIMHeMHOM saBucumocTH or dyHKuMH KucMOoTHOCTH //, TamMera 
%), B aTux calyyaax MeXaHH3M peaKIHH MOXKET ObITb MpeAcTaBJIeH CX€MOH: 
| 


4. B+H+2BHt,  6zictpo; 
(3) 


| Rk 
| 2. BH+ + C-4 nposyxTei peakuuu, MejJIeHHO. 


IIpu yyere creneHu MpoToHu3aiMu peareHTa HaOJiojjaemasi cra 
‘OpocTH peakUMM, MpoTeKaiomleli mo cxeme (3), WaeTcH Bbipaxkennen (*,°) 


k= Roh | (Ao + Ka); (4) 
e@ k)—KOHCTaHTa CKOpocTH [peBpallleHHa  MpOTOHH3OBaHHOK @OpMbI; 
,—KOHCTaHTa oOcHOBHOCcTH pearenta u —loghy) = Hy. CorsacHo (4) pu 


JIbIIMX KHCJIOTHOCTAX, Kora hy > Ka, HacTyMaeT MOJHaA NpOTOHUsAallHA 
arenta, k = ky. OKcIlepuMeHTasbHo 970 Opinio moKasaHo A. MH. TasppuKxom 
B. A. TlanbMom Ha mpHMepe KuMCJIOTHOrO THApoM3a STHJalleTaTa. 

Ilo Hacroanee BpeMA HEACHO, BCE JIM KHCIOTHO-KaTaJIMTHYeCKHe Peak HMC- 
. MCXaHU3M, MpescTaBJIeHHbI CxXeMol (3), OCcOOeHHOCTIO KOTOpOrO ABMACTCA 
IcTpat paBHOBecHad MpOTOHH3alHA peareHTa H WabHCHUce CPaBHHTeAbHO 
JIJICHHOe MIpeBpPallleHHe MpPOTOHH30BaHHO (POpMEl. B cayuae «creltusp YeCKOro 
COTHOLO KaTaJIH3a» HOHOM BOOPOLa MOOAUTEIbHOE PCWICHHe STO mpo6.re- 
I He BCTpeyaer CepbesHbIx Bospaxenuit. B cayuae «oOmero see Ka- 
43a» TIpoOMeMa HeCKOJIbKO cyloxwKHee. CooTHOWeHHe THITA (1) Moxer OpiTb, 
‘TIepBbIi B3PIA, HCTOKOBaHO TOJbKO TAKUM o6pa30M, 4TO B JaHHOM CJlyyae 
JWIeHHOM craquei peakuuu ABsAAeTCA Mepeqaya MpoTOHa PeareHTy, see 


Kalai MpHCyTCTBylollat B CHCTeMe KUCOTa OTJaeT IPOTOH C pasJH4HOM 
XapaKTepHOH Jit Hee CkopocTbiO. BosbIUIKHCTBO H3YYeHHBIX CJyyaeB «oOuerc 
KHCJOTHOFO KaTaJI¥3a» OTHOCHTCH K TIpOTOTponHbIM mpeBpallienuaM. Ilostoms 
TEOPETHUCCKHE BO33PCHHA Ha STOT THI] KUCJOTHO-KaTaJIMTHYCCKUX peakIlHl 
TeCHO CBASAHbI CO B3TvIsaMH Ha Me€XaHH3M MpOTOTPONHbIX MpeBpallleHHH. — 

KncsioTHo-KaTaJIMTHYeCKan SHOUH3aHA alleTOHa MmpoTeKaeT MO THMHUHOk 
CXe€Me MpOTOTpOMHOrO MpeBpallleHHsA: 


fe) OH ot 
I | a 
CH; — C— CHy'-+- Ht > CHg — GF = Cis" CH: = G—= CHaeane. (5 


Jlaycou ¢ coTp. paccMaTpHBaloT ITY PeaKIHW JIMIb C TOUKH 3PCHHA BHIMOJHCHHS 
uid HaGOsOLaeMoli KOHCTaHTbI CKOPOCTH COOTHOWeHHA THNa (1), He BJaBasxcl 
IIpH 3TOM B Oosee NoLpoOubi pas6op ee MexaHusma (’, °). Jlaypu (°) u CBait 
(1°) mpemiaraior TpHMOJIeKYyJAPHbIM MeXaHH3M MpOTOTPONHOTO MpeBpallenua 
KOTOPbIii WIA alleTOHa 3aMUCbIBaeTCA CJeYIOUIHM OOpasom: 


CHs re 
| 
AH + 0=C—CH,—H-+OHs— A~ + HO—C = CH, + Hg0+, ( 


rae AH — kakas-mu60 Kucnota. K sTOoH TOUKe 3peHHA MO3%Ke NPHMKHYJI 
Take Jlaycon u Cnnsu (1'). . 

OyHako 8 JIMTepaType MpHBezeH PAA AakHbIX, NPOTHBOpeyalllux npencrar 
JICHHAM O TPHMOJI€KYJIAPHOM MeXaHH3Me. TaKOBbIMH SABJIAIOTCH pe3YJibTaTh 
H3YYCHHA KHHETHKH FasOreHHpOBaHHA alleTOHA B TAXKENON BOJe H B Cyyae Ten 
TepHPOBaHHOroO alleToua (?”), a TaKKe KHHETHKH KHCJIOPOAHOFO OOMeHa alleTOHA 
meyeHuoro O}8 (18), [IpencTraBJIeHiA O TPHMOJICKYJIAPHOCTH peaKUHH SHOMH3AalMl 
alleTOHa NOABeprHyTbI KpuTHYecKoMy pa300py Beuisiom (1%). 

MoxkHO N0Ka3aTb, YTO B CJYYae KMCJIOTHO-KaTaJIMTHYeECKHX peakUuH, Mmpe 
TeKalolJNX MO CXeMe MpOTOTPpOMHOrO npeBpallleHuaA: 


14. HB: +H+2@HBHt,  6nictpo; 


2. HBH++:C2BH+HC, ~ Meyaenxo, (7 
rye C — mo60e ocHopaHHe, NpHcyTCTByloulee B CHCTeMe, BbIpaxkenue THNA (1 
Ji KOHCTAHTbI CKOPOCTH MOKET ObITh BbIBeECHO H3 TeX Ke HCXOZHBIX Npewne 
CbIJIOK, KOTOPbI€ ObWIH HCIOIb3OBaHbI pH BbIBOZe Popmysib (4). JLonycruny 
uTO peaKUMA 3aKMOYATCA B KOOPAMHAIMH MpOTOHA C HeMOeeHHOM S/eKTPOE 
HOH mapoH B IWeHTpe OCHOBHOCTH peareHTa H MOCJIELYIOULeEM OTPbIBe MpOTOH 
C Kakoro-1H60 [[pyroro MecTa MOsleKyJIbl pearenta. B cucTemMe uMerOTCA: pez 
rest. HB: xucsoTs: H,O, H;0* u A;H, ocnopanua OH~, H,O u A;. Konner 
Tpauua HBH* paBua 


[HBH*] = [HB], hy / (Ao als Kaup)- 


CxopocTtb peakUMH JIMMHTHpyeTCA CKOpOcTbIO B3aHNMOselicTBHA HBH 
C Ppa3JIMUHbIMA OCHOBAHHAMH, HMCIOWIMMNCA B cucTeme. Ha6slofaeman KOHCTA! 
Ta CKOPOCTH, CJI€QOBaTeJIbHO, paBHa 


k = (kow- hy [OH] + y,0 hy [HO] + > Rar hy [Ai ]) (Mo + Ka HB). 6 


B pasOapsewHbix KuCOTaxX hy =[H3O0t]. [pu ycnosnu, ato hy) < Koup 
Bbipamkenve (8) CBOMNTCH K Cylefytollemy: 


k ine 
(HsO*] [OH] + 7° [HLOUHO'+ Sz HOIAT. 


pa ook 
Kaus 
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ckombky [H;0°] [OH™] = Ky u [H,0*] [Az] = Ka,w[AH], rae Ky — Hon- 
MpovsBeyenve BOR u Ka, — KoncTaHTa Auccomvanuu AH, To Bpipaxe- 
i: (9) MoxeT ObITh Nepenucano Tak: 

b= (OH K — FH.0 [H,O* y= me A,H 10 
creer Nanes Dy ore ne Gy) 


KO 3aMETHTb, 4YTO PopMyvibI (10) u (1) copepmieHHO aHanormuHEl. Beipaxkenna 
ita (9) u (10), B wce Apyrux aOcTpakTHO BO3MOxXKHEIX [BapHaHToB, NpHBOAATCA 
iepceHom (35) w Bezstom'(!*).’Hamu Obia uc- 
bOBaHa KHHETHKA SHOJIM3AaLMH alleToHa B 
fetbix pacTBopaX COJAHOH KHCJOTEI mpH 
muleHTpattuax HCl] or 0,04 yo 11,2 N npu 
| 25 u 35°. IIpu stom 3sHauenna Ho u3me- 
t UCb OT +1,5% no —4,0. Cxopoctb peak- 

H3MepsAIaCb CleEKTPOPOTOMETPHYeCKH M10 
plIM OpoMa MpH peakuHHu OpomupoBaHua 
eTOHA, CKOPOCTb KOTOPOH paBHa CKOpOcTH 
omusaunu (°), Jlo 3HaueHua Ho = O 3aBn- 
MOCTb Mey sorapudMom HaGstojaemoli 
{HOMOJICKYJIAPHOH KOHCTaHTb! cKopoctTu ky 
IPyHKuUHeH KucNoTHOcTH Ho Oblla JHMHEeL- 
4 CYHaKJIOHOM, paBHbIM equuuue. IIpu 25° 
MM aHHble /HaxXOAATCA B yOBJeTBOpU- 
bHOM CorlacHH Cc pe3yJIbTaTamu Jpyrux 
ropos (°, 1°). IIpu Gomee orpnlaTesbHbIx 
muenuax Ho KpuBaa’saBucumoctu log k or 
ae cn KaK 93TO HMeJIO MECTO B 


Pue. 1 


yae KHCJIOTHOFO ru{posN3a sTHNalerata (cM. puc. 1). IIpH GombmMx KOH- 


Tpattuax HCl konctaHta cKopocTH mponopuHoHaibHa KOHUeHTpalnn Cl 
He 3aBHCHT OT KuCuIOTHOCTH (cM. Ta6z. 1).| 


Ta6auua 1 


| 


| x 
k Hc! 
hy 10-8 04 Lon fy: 10-* | __. 48 


il 
[cy 


| 8,71 | 1,00 | 1,038 |10,25 | 3,98 | 1,054 
) 9/25 | 1.59 | 4,058 |10,70 | 6,30 | 1,043 
9°75 | 2'52 | 1,064 [14,18 [10,00 | 1,026 


Ilonyuenupie HaMH JIaHHbIC YKa3bIBaloT Ha CIEYIOUH A MeXaHH3M KHCJIOTHO- 
TaJIMTHYeCKOH SHOJH3alMH alleToHa: 


O OH 
I | 
1. CH3—C— CH; + Ht 2 CH3—C—CHs,  OxicTpo; 
+ 


“4 OH OH 
RHO | 
O mAyICHe a d CH, + H,0—> CHy — G= CH, + HyOt,, mennenuoy (9 (1) 
+ 


OH OH 

| kc)- | 
6) CH3 — C — CH3 + Cl- ——> CH; — C = CHe + jaGil- 
+ 


MM MaJIbIX KOHWeHTpaunax HC] cKopocTb JIMMMTHpyeTcA CTaaqven 2a), IpH 


MbLUIMX KOHWeHTpannax HC] —craqueli 20). bss 


Hamu Onlin BbUuMCeHb! 3HayeHuA Ry,0, Rcj- HM KOHCTAHTbI OCHOBHOCTH KK 
alleroua. 3Havenua kcj- NOuyueHbI, UCXOAA 3 MpomopunonasbHocTH ky KO! 
neutpanuu Cl mp 6ompmux hy u [Cl]. Suavenna ku,o W Ka paccuutaHt 
HCXOLA H3 BeIMYMHbI OTKIOHeHHA KpHBO 3aBHcHMocTH Mexyy logky 4 & 
OT HpaMOH, W300parKalolleH STY 3aBHCHMOCTb IIpH MaJIbIX KUCJIOTHOCTAR 
Pacuer mpousBoqusica B uNTepBajle sHayeHHli Hy or —0,2 Jo — 1,0. p 
9TOM YUHTbIBaacb 3aBucuMoctb H, or vTemmeparypbi (’°). lisa yka3aHHbl 
BeJIMYHH MOJYYeHbI CleyroulMe 3HayeHH A: 


ku,o = 4,6- 104e—13700/R7 6 = 4,3-10°%: 
Rey- = 2,7-107 e-15500/RT; RE = 1,0-1074; 
Ka = eR ete0RT;. pK? = — 091. 


IIpu mepegaye mporona ot H;O0* k KapOoHnHJIbHOM rpyntie alleToua non 
mlaerca SHepruA OKOO 8 KKaJI/MOJIb M yBeMUMBaeTCA SHTpoNuA Ha 22 SHT 
e\MHUIL. . 

[loycranopKa NOJuTyueHHbIX 3HayeHHit ky,0, Rci- U Ka B Copmyuly 


k = (ku,0 Au,0 + Rei- [C1 ]) Mo (Ao + Ka) + (1 


MO3BOJIAeCT BLIUMCJIUTb 3HaUeHHA ky B XOPOLWIEM COTIaCHH C 9KCIePHMeHTOM 
Bcex 3HayeHuax Ho or +4 no —4, 3a HCKJIOUeHHEM HHTepBasla oT —l Oo = 
B 9TOM HHTepBaJle BbIUHCJICHHbIC 3HayeHHA ky NOMyUalOTCA OoOMbWIe SKCTepE 
MCHTAJIbHbIX, OJ[HAKO He Oovlee, UeM B Ba pasa. § 

B cdopmyuy (12) BxXoquT aKTHBHOCTb BOJbI, NOCKOUbKY KOSPPUUMeHT aKTHE 
HocTH H2O mperepneBaeT 3HAUMTEIbHbIC H3MCHCHHA C YBEIHYCHHEM KOHICHTPE 
uuu HCl. Kosdcuunent akTuBHoctu Cl’, HampoTuB, BO-BHJHMOMY, He mperef 
meBaeT CYyWIeCTBCHHEIX H3MeHeHHH (1’), MOSTOMY MOXHO NOACTABHTb Mpocr 
LIT] ; 

M3 IpHBeqeHHbIX J[aHHbIX culelyeT, YTO B RaHHOM KOHKPeTHOM culyyae Ta 
Ha3bIBaeMbIM «OOWMH KUCJIOTHBIM KaTaJiu3» B MpHHWANe HHYeM He OTIMUAeTC 
OT «cCnellM@uyeckoro». CKopocTh peaKUHH JMMUTHpyeTcaA KOHWeHTpallneh mpe 
TOHH30BaHHOM (opMbI peareHta. KatauTHyecKad aKTHBHOCTb CPpefbI Mponof 
IHOHaJIbHa €€ KHCJIOTHOCTH, a He KOHILCHTPalluH KaKOH-sHO0 KMCJIOTHI. 


TapTyckuu YrocyapcTBeHHbIit Tlocrynuso 
YHUBepCHTeT Ly XTEISSa 


UMTHPOBAHHAA JIMTEPATYPA 


1R:. P. Bell, Acid-Base Catalysis, Oxford, 1941." 2° Li9 P=" haan 
AiJ. Deyrup, J. Am. Chem. Soc. 64, 279 (1932)) 301 > EL aa 
M. A. Paul, J. Am. Chem. Soc., 56, 827 (1934). 4B. A. Ilaabm, MWccnenosan 
KHHETHKH MW M€XaHu3Ma peakUMH XJOPHpOBaHHA %-PeHHypeTUMAHcyMbHOKUCAOTHI XMOPCyIb 
Hopol KucnoTou, J[ucceptauus, Tapty, 1956. °®& B. A. Ilanbo, K@X, 32, N 3, 6 
(1958). © A. Lapworth, J. Chem. Soc., 1904,30. 7H. M. Dawson, M. Le 
lie, J. Chem. Soc., 1909, 1860. ®H. M. Dawson, J. Powis, J. Chem. Soc., 198 
21385. °° J. M. Lowrey, J. Chem. Soc., 1927,2544. 19C. G. Swain, J. Am.Chen 
Soc., 72, 4578 (1950). 4H. M. Dawson, E. Spivey, J. Chem. Soc., 1930, 218 
2Q. Reitz, Zs. phys. Chem. A, 179, 119 (1936). 33M. Cohn, H. C. Urey, « 
Am. Chem. Soc., 60, 679 (1938). 14R. P. Bell, P. Jon es, J. Chem. Soc., 1953, 8 
°K. J. Pedersen, J. Phys. Chem., 38, 581 (1934). 16 P. Besa, COopn. Karamu 
Hccneqopaune romoreHHpix mpoteccos, WJI, 1957, crp. 33-37. 17M. HW. Buuuuk 
P. H. Kpyraos, H. M. Unp Kos, KX, 30, Ne 4, 827(1956). 18 A. H. Peas: 
mTrenu, I. fr Weraospa, M. MW. Temxun, JAH, 107, N 1, 103 (1956 
/™ Ds -R..N. Satehell,, J, ChempSocealonnecszs. 


Wornans Arxanemun nHayr CCCP 
1959. Tom 126, N 4 


PH3HYECKAAH XHMHA 


Bb. Jl. WETJIMH, B. A. CEPPEEB, C. P. PA®UKOB, 
eH-koppecnonyzent AH CCCP B. B. KOPIUAK, fi. 4. PJIASYHOB u JI. J. BYBHC 


IPPEKT NOCJEMENCTBUSA MPH OBJIY4YEHUHM 
METHJIMETAKPHJIATA B TIPHCYTCTBHH KUCJIOPOJIA 


| 

‘Hspecruo, ur0 B onpeqeteHAbIx ycOBHAX KHCOpOA MHTHOUpyer payuKaJb- 
O MOJMMMEpH3allHiO MHOFHX BUHUJIOBbIX MOHOMepoB. PayMalMoHHad MOMMepH- 
MA, MpoTeKalollai MO palWKaJIbHOMy MeXaHH3My, Take uHrMOupyerca 
Aopoyom ('). B coorBercrBuM ¢ 9THM HaMU OBO yCTaHOBJIeHO, YTO MeTHUI- 
‘aKpHaT B MPHCYTCTBUM BOsSLyxXa NOX WeHCTBHeEM HOHM3UPYIOUMX u3JIyueHHH 

MOJIMMe€PH3YeTCH: CFO BASKOCTb 3aMCTHBIM OOPas0M He H3MeHAETCA Jake mpu 
tbMa JJIMTeIbHOM OOJlyyeHHH. OjHakKO OOJyYeHHbI Ha BO3yxXe€ MOHOMep 
i MOCJIeLyIOUleM ero XPaHCHHH MO?KET CaMOMPOM3BOJIbHO MOJIMMepH30BaTbca 
jd KOMHATHOH H Oosee HU3KOit TemnepaType JO BbICOKHX CTemeHeH lpeBpaliie- 
A; HEOOXOJMMBIM yCJIOBHeM HayaJla TaKOM MOJMMepH3alluu ABJIAeTCA Mpekpa- 
Hue Jocryna KucOpoyqa Bo3qyxa K OGJyYeHHOMy MOoHOMepy (?). B mpucyr- 
HM 2Ke BOSyXa OOJIYYCHHbIM MOHOMEeP He NOJIMMepH3yeTCA ake Mp BecbMa 
T@JIbDHOM e€fO XpaHeHHH. Yka3aHHbIli cimocoO NOJHMepH3aluuH, OCHOBaHHbIi 
HCHOJIb30BaHHM SHEP HOHHSMPYIOULMX H3IyYeHH, MOMKeT MpescTaBTb 
CCJICHHbIM MpakKTHYecKHH WHTepec, MOCKOJIbKY pafWallHOHHOe HHUIMMpO- 
HHe€ IL€MHbIX MPOMeCCOB MOJHMePH3allMH ABJIACTCA OMHUM U3 HaMOouee peaib- 
Ix yTeH HCNOJb3OBaHHA H3J1yyeHH B XuMuH (*). BcBA3H C9THM HaMH ObwIO 
(OBEeCHO HCCIeELOBalWe OCHOBHbIX 3aKOHOMepHocTeH 9TOrO mporecca. 
O6syyeHHe MOHOMepa MpoOu3BOANH OLICTPpbIMH 3JIEKTPOHAMH 93HEprHu 
HOCTbIO B 900 K3B, HCTOUHHKOM KOTOPBIX CJIy2KHJIa YCKOPHTeIbHaA YCTAHOB- 
Wuctrutyta du3suyeckol xumun AH CCCP; su1eKTpoHHbIH TOK KOHTPOJIMpo- 
MM TIpH MOMOWH HOHH3allMOHHOH Kameppl (*). A4elika AISA oO yYeHHA Mpel- 
ee coOoH OTKPBITHI MWMIMHApHYeCcKM CTCKMAHHDIM COCy C ABOMHbIMH 
PHKAMM JWI OXJlaxKJeHHA MOHOMepa MpoTouHo Boson. JIvamerp AueHKU CO- 
ABUIA 50 MM, TOJILMHa cl0d OOY4aemMoro MOHOMepa — 25 mm. Ilepememmuea- 
i MOHOMepa, OOecmeyNBalollee MOCTOAHHY!O KOHI[CHTPallHiO B HEM KHCMOpOsa 
Xa, MpOu3BOquIM MarHuTHOH MemasmKoH. KuneTuky MoJIMMepHsalluu 

YYeHHOrO MOHOMepa HCCyeMOBaIN MJIaTOMeTPHYCCKHM METOXOM, HCMOvIb- 

AA 9TOFO pTyTHbIi Ausarometp (°). OOJyYeHHbIM MOHOMEP 3aJIMBaJIN B AH- 
TOMep Ha BO3JyXe, 3aTeM 3aMOpaxKHBaJIH, OTKAYMBaJIM JO OCTATOUHOTO AaB- 
Hua mopaqKa 10-? mM pT. cT., OTTAHBaJIM, CHOBA 3aMOpaxKUBaIM H OTKANHBa- 

, Moce yero AHMAaTOMeTP 3alOJIHAJIM PTYTbIO HU CTAaBHJIH B TepMocTaT JHA 
MM MepH3alun. 

Bpwia uccieqoBaHa KMHeETHKa MOJIMMepv3allHH MeTHJIMeTaKpWJlaTa B 3aBH- 
MOCTH OT yCMOBHii ero IpeyBapHTebHOrFO OOYYeEHHA (LOSHI R wu MOUHOCTH 
spl RR’) wu OT TeMMepaTypb! NOJMMepH3alluy. 

Senne 1 Sea tel MOJIYYeHHbIe ~XapakTepHble Heese hee KPHBBIe 
NMMepusaluu OOJIyYeHHOrO MeTHJIMeTaKpHJlaTa, CHATHIC Np 2 a pee 
1 OT O3bI (MIA STOTO PAa OOPAa3IlOB MOWLHOCTb AOSbI R’ = const). B neppom 
MOMKEHEM OOWIMH XapakTep KHHETHYCCKUX KPHBbIX He OTM TACTCH OT Xapak- 
JA ANAOPHYHBIX KPHBbIX JIA MepCKHCHOM MU APyraxX BUAOB AN ee 
MepH3auun. Onu xapakTepH3vioTcx MOCTOAHHOH ae ee ene 
MuMepH3aunu (V,) c mocmenyIoul4M CaMOyCKOPeHHeM MPOuecca \« i anaes 
>). C ypemmuennem sHaveHusd R CKOPOCTb MNOJIMMCpH3aniH P ts 


npuyem V, nponopMonavbua Kk R’! (puc. 2). Y2Ke 43 9THX (PAaKTOB MOXKHO TIPE 
MONOKUTL, YTO HaGwIOMaeMad NOMMMepHsallMA MpoTeKaeT MO pasMKaJIbHOM 
MeXaHU3MY, JIA KOTOPOrO XapakTepHbI OMMOVIeKYJIAPHbIM OOPbIB KHHETHUCCKH 
ueneli 3a CueT peKOMOHHAlMM MaKpOpaduKaJsOB u JIMHeHHaA 3aBHCHMOCTb CKe 
pocTH peaKUHH HHHILMMpOBaHHA OT KOR 
IeHTpaluH MHMUHaTOpa-HCTOUHNKAa pan 
KaJloB. EcrecTBeHHO MpeMOOxKHTh, 
MHHIMUpyIOUlMMH COeCAMHeEHHAMH = 31€C 
clyKaT MpOAyKTb! palWallMOHHOrO OKH 
JICHHA MeTHJIMeTaKpHJlaTa, a HMCHHO: Me 
PeKHCH, MOABJIAIOWMeCA MPH oOuy Yen 
OpraHHyecKHX COeHHeEHHH B pe3yJIbTaT 
B3aHMOJeHCTRHA C KHCJOpOOM nNepBH4dH 
oOpa3ytowluxca payukasos (°). Tleiicrsu 
T@JIbHO, HOMOMeETPpHYeCKOe oOnpeseJeHH 
Me€PeKHCHbIX COeCJHHEHHH B OOpasiax oc 
Puc, 1. Kunetuxa NOJIMMepl3salun 06- JIyueHHOrTO MeTHJIMeTaKpHJaTa, TipecTak 


JIyYeHHOrO MeTHIMeTakpHaaTa mpu 20°. 
Momnocts joant2.2-10!7 op/em® cex. CHHBIX Ha puc. 1, noKasaso, ¥TO KOJE 


/Ipepauenue 
= 


50. 00 60  @Ovac 
{fi 


Tosa: 1 — 1,3-10!  op/em’: 9 —  YeCTBO OOpasyrtouNxca MepeKMCHEIX rpytl 
6,6-40!® 9p/cem?; 3 —2,0-102° op/em?; MpONOpWHOHAaJIbHO JO3e, UH, CeLOBaTeUE 
4 — 8,0-10°° 9B/cm® Ho, V, mponopyuoHambHo C*, rye C - 


KOHILCHTPalMA MepeKHCHBIX rpynn. ST 
cormacyeTcad CO Cl@IaHHbIM MpCANONOKeHHEM OTHOCHTEJIbHO XapakTepa Mpt 
mecca. 

Ucceqopanue BJIMAHHA Ha BeMUuNHY Vp MOLHOCTH O3bI NOKa3alo0, 4 
B HCCJIENOBaHHOM JManasoHe 3HayeHHH R’ 5-10!°—101!§ 5p/cm? cek paBHB 


V,10 “Monh|a- 4ac 


0 . 30 af g2 fd i 
10 20 I 1000 
VE-10-(36/cm?) a 
Puc. 2. Sapucumoctb HayambHO cKopoctu Puc. 3. 3aBNCHMOCTb Haya/IbHOM CKOpOCTH TI 
NOJMMepH3al\uW OOyYeHHOrO MeTHJIMeTa- sMMepH3aluH oOOvlyyeHHOrTO §MeTHsIMeTaKp 
KpHJlaTa OT JO3bI (MpH MOMLHOCTH QO3bl saTa OT TeMNepaTyphHl mpH posax: 1 
2,2-10!7 9B/cm? cex) 6,6-1029 9B/cm’; 2 — 4,0-10?0 5B/cm? (momtHoc 


qospt 2,2-101” 9B/cm® cex) 


AO3bI U3JYYeHHA MpH H3MeHeEHHH COOTHOWMeHHA Mexay R’ wu mposomKuTed 
HOCTbIO OO/yYeHHA DelicTByIOT H€OJMHAKOBO: y4emM Gombe R’, Tem MeHbuue V 
mpuyem V) mponopunoHambHa (R’) 

Ha puc. 3 npuBegenbi pesyJibTaTbl HCCeQOBaHUA BJIMAHHA TemMepaTyp: 
MpH KOTOPOH MpOBosUMach NOMMMepH3alHA OOJYYeHHOrO MeTHJIMeTaKpuaT 
Ha BeIMYHHYy Vo. BrruncieHve M3 STHX JaHHBbIX MOJIHOM SHeEprMH aKTHBall 
mpollecca Jao BemmunHy E = 11,2 kkas/Momb, KOTOpad 3HAYHTeMbHO HH? 
aHaJIOTMYHOH BeIMUMHBI IA MOJIMMepH3alMH MeTHJIMeTaKpHJlaTa C nepeKHc! 
OeH30MNa, COcTaBAsiolel 19,7 kKan/MOb (’). BpruuceHve SHEprHH aKT 
Ball peakUMH WHMIUMMpOBaHHA, HCXOAA M3 HaleHHOrTO 3HayeHHA MOVIH 
SHEP aKTHBallHH MNOJIMMepH3alMH HW U3 M3BeCTHbIX 3Ha4ueHH 9Hepri 
aKTHBaliMu pocta ene (6,3 KKaJ/Monb) H u3 OOpHIBa (2,8 KKaJI/Momb), Ja 
sHaueHne 13,0 Kkav/Momb. Ota BeMMYHHa MeHbIWe 9HEPIHN aKTHBALMM pacn 
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€pCKHCH METHJIMeTaKpHJlaTa, MOMYYaeMOH Mp TePMHYeCKOM eFO OKHCJICHHH 
0 KKaJ1/Momb) (*). OveBUAHO, BbICOKaA aKTHBHOCTH MepeKHCHEIX rpynn, O6- 
YIOWMXCA TPH PatWalMOHHOM OKMCJIeHHM MeTHJIMeTaKpusaTa, H ONpememAeT 
OXKHOCTh MPOBeACHHA TaKHM IyT€M HH3KOTeMNepaTypHOH momMMepu3a- 
|. [Ipupoga storo saBeHua TpeOyer Janbuelimero uccneqoBaHua. BosmoxHo, 
BbICOKaA AKTHBHOCTb MepeKHCeH OMpeyesAeTCA HX OKACJIMTeIbHO-BOCCTAaHO- 
2JIbHbIM B3aHMOeHCTBHEM C Apyru- 
|MpOLyKTaMH pajylMallMOHHOrO OKHC- 
M1 MOHOMEPa (aJIbAeruyy u Ip.). 
Doulee JeTabHOe HCCJIeEROBaHHe M10- 
|CHHBIX KHHETHYCCKHX KPHBbIX 10- 
ialO, UTO OHH MMEeIOT 3HaUHTeEIbHO 
ee MJIaBHbIM XO, 4eEM B CJyyae m0- 
MePH3alMH MeTHJIMeTaKpHJiaTa C me- 
CbIO O€H30HIa: «resb-3:pPeKT» B HC- 
MyeMOM cyIyy¥ae HaOJlOqaeTcA pH 
(ECTBEHHO OOVJIbLINX CTeMeHAX Mpe- 
WICHHA, a OTHOUICHHe MaKCHMaJIb- 
_CKOpOCTH Ha CTaqHH CaMoycKope- 
K Hau¥aJIbHOH CKOPOCTH UMeeT 
iblUee 3HAYeHHE. OTO HarIAQHO WOKa- 
OHa puc. 4, Ha KOTOPpOM comocTaB- 10 “025 05 075 10 
bl KPHBbIC 34BHCHMOCTH OTHOCHTEJIb- 
-CKOpocTH momMMepu3saunu (oTHO- 
HH€ CKOPOCTH B JlaHHbIM MOMeCHT K_ Puc, 4. Bauanue cnoco6a nHuNMNpoBaHUA 
ee a enema ee 
ppee MponoMKUTENbHOCTH. YKasaH- 60°). Ye Snemmennenes IIpeABapHTeJIbHO 
OCOOCHHOCTh XOfa KMHETHYCCKUX og zyueHHoro MonoMepa (1034 4.10%0aB/cm’); 
(BBIX CBAH3aHa, IO-BHJMMOMY, C TeM, 2— TOJIMMepvH3aluA MeTHJIMeTakpHuaTa B 
'B HalleM clyuae OOpbIB KHHeTHYe- MpucytcrBuu 0,01%-H nepexucu GeHsousa 
IX lemeH OCYLIeCTBIAeTCA He TOJIbKO 

eM Pe€KOMOHHAalMH MakpopayHKaJloB (3aMeWIeHHe STOO Tpolecca C POCTOM 
KOCTH CHCTeMbI HM OMpeleiaeT «retb-adpekT» (°)), HO MH BSaHMOelicCTBHeM 
(TyleH WenH CO CPaBHHTeJIbHO HH3KOMOJICKYJIAPHbIMM YaCcTHIaMH. 
aCCMATPHBaeMbIN 3eCb MeTOL pasvalMOHHOH MOJMMepH3salluu, coxpaHAn 
kHOe MIPeHMYWecTBO OOLIYHOrO cmocoba paqWalMOHHOU NOJMMepH3alun — 
IMOXKHOCTh IIpOBeeHHA Mpolecca MpH HH3KHX TeMMepaTypax, B TO Ke BpeMA 
IBOACT MIPOBORUTb Mpolweccbl OONyYeHHA MOHOMepa HM ero NOJMMepH3sallHn 
CJIbHO, TIPHMCHAA HEMPepbIBHbIM CmocoO OOyYeHHA MOHOMEpa B IIPOTOKe 
aJIbHeHLIy10 ero MOMMMepHsaluio BHe chepbl LeHCTBAA U3/1y4eHHA. BaxKHbIM 
HMYULECTBOM METOJla ABJIA€TCA TAKE OTHOCHTEIbHO MWaBHbIH XO KHHETH- 
KUX KPHBbIX MOJMMepH3alluH, YTO MOKET CyUeCTBEHHO OOJIeEruHTb MpoBese- 
| OnoWHOl MONMMepHsanun. 

\Mucrutyt! snementoopranuyeckux coequHennii Toctynuao 

| Axkajlemuu HayK CCCP 25 II 1959 


Vuctutyt cbusuueckoli XuMHH 
Axkajemuu sayk CCCP 


I[MTHPOBAHHAA JIMTEPATYPA 


2M. Magat, Coll. Czechoslov. Chem. Comm., 22, 141 (1957). * B. B. Kopmak, 
iP. Pabuxos, B. A. Ceprees, B. JI. Wetaun, ABTOpCcKoe CBUJETEIbCTBO 
16349 (1958). *C. C. Megseyes, C6opx. M30Tonpl wu usiyyeHHaA B XHMHH, Visz. 
CCCP, 1958, erp. 108. 4 TI. A. Taasyuos, f. B. Pansunesck un, C6opx. 
icCTBHe HOHMSHPYIOUMX u3yYeHH Ha HeopraHMyecKkHe HM OpraHHyeCcKHe CHCTEMBI, Vi3q. Bs 
P, 1958, crp. 395. * 5B. H. Mopurauos, Jl. WH. E®umos, B. B. JI 10 a 
Ba, Tp. M0 XMMHM UW TeXHOJOrHH MOJIMMepoB, B. 2, Yoppxul, 1958, c7p. Spier 

A. Bax, C6opH. PayualwonHat XHMHA, Yan. AH CCCP, 1955, aor. : 
. Vv. Schulz, F. Blaschke, Zs. phys. Chem., B. 50, 305 (1941). Chee 
ng, Tien Jn-Lin, Actachim. sinica, 24, 2, 135 (1958). GAS Siexnailez® 
Harborth, Makromolek. Chem., 1, 106 (1947). 
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Jloxuagy AKayemun nuayx CCCP 
1959. Tom 126, Ne 1 


PH3HYECKAA XUMHY 


Bb. B. SPLUJIEP, M. A. HE)KEBEHKO u IL. Pr. MACHLNEBA 


4 
é 


MEXAHM3M PAQMAILHOHHOrO PACHAAA MEPEKHCH BOXOPOJA 


(ITpedcmaeaeno axademuxom A. H. Aauxanoeoim 28 | 1959) 


B paOorax 10 payMaltuwoHHoMy pacnazy H2O2 (**) He Weaocb NoMmbiToK 
COMOCTaBHTb BbIXOL Gy,o, 2TOFO mpomecca c TOUHLIMH JaHHbIMM Asmena (7°) m0 
palHONH3y BOAbI IpH AeHCTBHM 1-H31yYeCHHA. OTH JaHHbIe MOXHO NpeCTaBATb 
y paBHeHHeM 


(2k + 1) HO = (2m + n) H2O = nH + mOH +1H,O, + k He, 


TIpOTe€KaTb TOJIBKO CJIEYIOULME 
HO, + H > H,O +0H; 
HO, + OH > H,O+HO,: 
HO, -+ H> H,O,. 


Hasmmune peakunu (IV) qo cux nop cCObnl4uHO He YUHTHIBasIOCb, OJHaKO 
JIerKO BUeTb, YTO B ee OTCYTCTBHE OJIKHO BBINOJIHATLCA HepaBeHCTBO 
—Gu,0, > ?/2m-+-1/2n—l=6,02. CnegqopatembHO, HepaBeHCTBO—Gy,0, <6,02, Ha: 
OJ1tOJaeMOe B HaLIMX OMbITaX, OMHO3HAYHO YKa3biBaeT Ha IpoTeKaHHe peakwuH (IV) 
Takum oOpa3om, rpyrna peaxuult (1), (II), (II), (IV) (8 ganpHerimem o6o3Ha- 
yaemas (A)) 2OJ2KHa YUHTbIBaTbCAH IPH JIOOOM MexaHH3me paciaga MepeKucu 

Cnenyroulve peakItHH MOryT mpoTeKaTb B pacrBopax HO, c BRILENIeHHeM 
KHCOpo ya: 


HO, +OH —H,0 + 03; (B) 
HO, + HO: > H.0 + OH + 0a; (Cc 
HO, + HO > HO. + Os; (D’ 
H,O,-+2HO, — 2H:02 + Oz (E 


Peaxuna (B) paccmarpupanacb C. HW. Texenkum u cotp. (°) Kak HanOoutee 
BepOATHAA PeaKIUMA OOpbiBa Welleli MpH paciiaye Mepekucu Boyopoya. LTapr (* 
cuHTam HanOoulee BeposTHOK peakiwio (FE), jpyrve aproppl — peakuuto (D) 
BblapsieHve NpeBaJHpylouleh peakUMu OOpbiBa Lene npu pacnagze H,O, BosmMomxHt 
MyTeM COMOCcTaBJIeHHA aHHbIxX AswieHa c BemHYMHaMH Gy,o, B yCOBHAX 
KOra IWeNH NWpaKkTHYeCKH OTCYTCTBYIOT, T. €. KOrJa KHCAOpOR Bbiyemseres 
rlaBHbIM OOpa30oM 10 peakuuam OOppiBa (—G <6). Merogom crammonapHbE 
COCTOAHHH HaxXOHM CJleyyioulve ypaBHeHHA ia Gyo, B Cmyyae MexaHH3MOl 
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aja, BKJIOUAIOMINX PasvIMYHbe peakIMH BbIeneHuA O,: 


HH3M Y paBHenue 
Lp Juke _ Canam +1—G) Yem—ithn+i—G) . 
Ruy ty (?/en + "/2m—l+G) (m+n) : (1) 
ky Re =| atin 
+C ae [H,0,]? 7/2 /)4 = Fm (Clan — Men + 1— G); (2) 
ky ke ye aly) 1; 
Si Oy _ C/en—"Nam +1— G) (Hem — Yon +1—G)? 
Riy Ce!) (?/on + */2m — 1 + G) sa?) 
| kp Ki 1 ; _ C/em —1/on + 1—G) (7/on — 1/oin 41-6) 
ie = [H,O.]° 1)" ; ie [Gp me) 
lie C/em+8/an — 1 + G)? 


k;— KOHCTAaHTbI CKOpOCTH peakuni, yKa3anHDix B uHeKce; [H,O,] — 
WleHTpallua lepekucu wu / — WHTeHCMBHOCTh u3myueHna. 
JIlerkO BUJeTb, YTO IA NOcTpoenua 


BLIX Gy,o, (lg FY”) (uepes F o6o3na- 
bl PYHKUMH Gy,o,, CTOAMHe B Ipa- 
yacTAX ypaBHeHuH (2), (3), (4), 
—cteneHb [H,O,] B ypaBHeHuu; 
ypapnenusz (1) G =const, npuyem 
8< —G<6,02) nocraTtouHO 3HaTb 
ibbuuvnentnr Asmena. C gpyroii, 
OHLI, ACHO, UTO MOCTPOeHHble TAKUM 
2M KPHBbIe OJOKHbI 0 dopme 
WalaTb C KpHBEIMH Gy,0, (lg [H20.]) 
MTIHUATLCA OT TMOCJIeHAX TOJIbKO 
OxKeHHeM 10 ocuw adcuncc. M3 ypas- 
Mu CJleqyeT, 4TO pH u3sMeHeHHH J 
KOHCTaHT k; (T. €. TemMMepaTypbl) 
Bble Gy,o, (lg [H2O.]) caBurarorca, He 
‘dA (DOPMbI, TlapasesbHO ocH a6c- 
<. Ha puc. | nanecenbl TakHe KPHBBIC 


morn {100 36 


Lg[H02] 


_ BCeX PaCCMOTPeHHbIX M€XAHH3MOB. 
HO, 4TO JaHHblIe OlbiTa (TOUKH)* 
'_— Gu,o, <6 cCoBnayator TObKO C 
iBoh MexaHwy3Ma A-+D un saBHo 
| aes c ocTasbHpiMH. Ilo sTuM 


Puc. 1. Kpusnie G (Ig FY?), nocrpoenuie 


J\JId BCEX MEXAHH3MOB, MepeHeceHbl 6e3 
usmMenenua Ha rpapux G(Ig[H2Os]) u 
CABUHYTHI MapasiembHo ocw Ig [H2O02] zo 
COBMELLCHHA C 9KCIICPHMCHTAJIbHbIMU TOU- 
KaMH, CHATBIMH B OOIacTH — G < 6,0; KoH- 
nentpanud HO, BEIpamxKeHa B MOJ. Ha AUTP 


HLM 3 7, kB = 0,612 M~” cex ”. 


pn — Seah >6 Kk peaxuuam A-+ D qo6aBnnetca peakuna C, oOecteun- 
ya WenHol mpouecc. Jina mexanusma A+ D-C umeem 


Guo, =k—>(D+C), (5) 
D u C—ckopocrv coorpercTBylolux peakunit 
Dery ph@s\, O== ke [HO,] [H2O02] (6) 


Jina onpeyenenus [HO], Bxogauero B(6), NosyyaeM MeTOAOM cTallHo- 
HBIX COCTOAHHH ypaBHeHve 
| : 

ae wee 

2p 


* TIpHBOAUMble BeAHUHHEI Gy, nowy 4eHBI ¢ pacTBOpaMH TPH2KAbI NeperHaHHOH Mo, Baky- 
m 6€3 KHMeHua (¢ = 30°) mepekucn. 


1 — yy [HOo] / yy [H202] 
MN TTR THOs] / Ry [202] 


[HO,]? = (7) 
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Bp Koropom [HO,] oxaspiBaerca byHkKiMert [H,O.], Tpex KOHCTaHT k; u Koa¢ 
cburtventop AsseHa. Ho, BBofad HOBbIe MepeMeHHbIe x MY: 


kiy foi Vo aa \s 
[H,O.] = oe le) ; (HOt = 7 e- : 


noslyyaeM Ha OCHOBe ypaBHeHus (7) KpHByto 
y (Ig x) 


(puc. 2), PopMa KOTOpOH onpefenAerca yxKe TOMbKO Koappurwentramu Anmneua 


uM He 3asucnT oT J u Rj. 
Kom6uuupys (5), (6) u (8), Tomyyaem 


Guo, = k— [y? + Qxy], Q = kchw / kp ku- (1C 


F143 ypapnenua (10) cuegyer, uro dopMa KpuBoli Gy,o, (lg x) He 3aBHCHT ¢ 
MHTeHCHBHOCTH H3vlyyeHUA, a 43 (8) — uTO KpuBble Gyo, (lg x) H Gu,o, (1g [H202 
TOXKCCTBEHHbI M0 (popMe, pa3sJIHYasAcb 110 


MHTCHCHBHOCTH KpHBan Gy,o,(lg[H2O09] 
CIBUraeTCA, OCTaBaACh MapasiesbHOK cede 
BOJIb OCH aOclMcc, MpHyeM C/BHr paBel 
mpupocry Bermunust lg J”. ; 
JI onpefeneHun Q B ypaBHeHuu (10 

_  3aMeTHM, TO Tp OosbUIMX X, a CueqO 
Puc. poe rate Saye sya BaTembHO MW OoubuMx [H,Oz], y—> 2,5 
(cM. puc. 2), H ua Gu,o, HMeeM Ha OC 

HoBe (10) u (6) f 

“Ro [H202] 
ag CADE 


gz ——= 


R A ; 
Guo, =\0,48 —| 2,55* + 2,55 |= — 6.02 3.6 Gera), (Ud 
D 4 


T. @. Gyo, CTaHOBUTca sMHetHoH cyHkuMeH [H,O,]. OIKcnepHMenTaJIbHBKe 
3HaveHia Gy,o, IpH Oonmbmux [H,O,] xopowlo ykuaypiBaloTrcd Ha MpxAMyK 


mon/ 10036 
mon 100 36 *y 
-140 
-120 l-e 
2700 
a -40 
-60 
-40 a -20 
£0 
0 
y 2M 4 i =a a Q 
(H.0,] Ug[H,0,] ) 
Puc. 3. Tpadux G(H,0,) corma- Puc, 4, Teo | 
r 5 he peTuueckue KpuBble G (lg [H202]), 
cyetca © si panngnveM (11) npx T= nocrpoennue no ypasienta (7), (3) a (10) ! 
= 8-100 9B/n-muH npu M=1,2-10-%, 7 —J =1,16-10!9 98/n-mun; 


2— 44-1019 9B/a-mun; 38 — 8-10%0.98/n-muH 
({H2O2] B monax Ha muTp)) 


ypapHenua (11) (puc. 3). Tlomyyaetcs mpamas, oTcekatoulaa Ha ocH opyquHa’ 
OTpe3s0K, paBHbii ~ 6. M3 HaknoHa Mpamoli HaxoquM Ro iki = [htg a / 3,6m 


= 7,2-10°°n M~" cex~*, Orciona Q = (ko / RE): (RRB / Riv) = 1,2- 1078 
428 / 


4 


TpOecHHad Ha OCHOBe ypaBHeHul (10) u (9) no sTomy sHaueHuio Q KpuBas 
o, (ig [H,O2]) xopomo coBnajaer c OMBITHEIMH JaHHbIMM BO BCeM HHTepBawie 
o,. Kak BHHO 43 puc. 4, IIpH M3MeHeHHH MHTeHCMBHOCTH 93Ta KpHBad, B 
acu C TeopHeH, CABMraeTcA NapasembHO ce6e Bomb ocu Ig [H,O,] na ° 
‘many upupocra Ig”. 

I[pupeyqeHHplit aHaM3 MoKasbiBaeT, YTO payMallHOHHb pacnay mepeKucn 
TekaeT 110 MexaHusmMy A-+~-D-+-C. Tako ananus3, no-Buyumomy, IipHMe- 
K pa3JIMYHbIM pajHOJIMTHYeCKHM TIporeccam. 


WucrutyT TeoperuuecKol HM SKCIepHMeHTaJIbHOM (busuKU Tocrynuno 
AkayemuH Hayk CCCP 26 I 1959 


IWMTHPOBAHHAS JIMNTEPATYPA 


11 O. Risse, Zs. phys. Chem., 140 A, 133 (1929). *% H. Fricke, J. Chem. Phys., 

- SRO tS omeas Chem. Phys.4:19,,1204 (1951), FE. J. iH art, 
NaS@in, IDWiscs kerk See, 40) biG) (ClEs)), Sie SG. IDA into im, 
Oon, (UWS, IREWRC, Sock, 2S INO Gee), UIA OR Aes tC, dh Isl @e loe 
mw Chorney, “La Ws Davies, Je PhysesGheme,-o6,707on(l052). 
H, COopH. pa6or no paquauuonnolt xumuu, VM3q. AH CCCP, 1955, ctp. 7. 


SS 
Wy 
Ro 
(QD) fey) 
Ors 


a nopekun, T. C. TiopuKos, COopH. pa6or no paqvalHoHHOH XuMHH, 
lel CGR Gaia, eioy Gill PI i Ua ese a) eee Winns einen. 
C. TirwpuKkos, Tesucbhl Joktaqop I BcecowsH. copell. MO paywallWoH. XHM., 
|. AH CCCP, 1957, crp. 18. 1° A. O. Allen, Rad. Res., 1, 85 (1954). 
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Aokxanp Akagemun nayrx CCCP 
1959. Tom 126, Ni 4 


PEOJOVHA 


r. C. TAHEWMH u HW. A. WIMJIKAHA 


-/KONAEMAS J[PEBECHHA GUPRESSINOXYLON CUPRESSOIDES 
USEL B OCAJKAX CYM®YHCKOM CBHTbI (10)KHOE MPHMOPbE) 


(ITpedcmaeaexo oxademuxom B. H. Cyxaxeeoim 15 I 1959) 


tOxkuom IIpumopee B Oacceline p. CylipyHa u m0 okpanne Yccypu- Xau- 
Kol PaBHHHbI WIMPOKO pacmpocrpaHeHbl KOHTHHEHTAabHBIE BepXHeTpeTuy- 
camKu. HanOoulee MOJIOAbIMM Cpe HAX ABJIAIOTCA OTIOMKeHHA cydyHckon 
if COCTOALeEH H3 HHXKHeH TOMA NenOBbIX TYPOB H BepxHeli TOM KOH- 
PpaTOB HW FaJIeUHHKOB C JIMH3aMH MeCKOB, FpaBeMTOB WH MpocsOAMH mepe- 
{XCHHBIX TyPOB. Bospact cyldyHcKo CBUTbI OOJbINMHCTBOM HCCIeqOBa- 
| IIPHHMMaJIcA KaK MIVJIMOWCHOBBIM JIM MVJIMOMeH-peBHeyeTBepTHUHbIi. 
}A OCHOBaHHH COOpaHHbIX B MOC/eE(HHe FOJbI MaTepHaJIOB U OCOOEHHO B pe- 
fare H3Y4eCHHA CMOPOBO-MbWIbIeBbIX KOMIJICKCOB YKa3aHHBIX TOM Temepb 
0 YBepeHHO rOBOpHTb 06 HX pa3sJIMUHOM Bospacte. Tova MenJIOBbIxX TyMos,’ 
TOPbIX BCTPeYaeTCAH MHOFOYHCIeHHaA HM pa3HOOOpa3sHaA qlopa, uMeer, 
Le BCerO, BEpXHEMHOWeHOBEI Bospact ('). Ilo MHenuto A. H. Kpuurrodosuya, 
baxkeHHA O CpaBHHTeIbHOH JpeBHOCTH CyHyHCKOH @wlOpbl OCHOBBbIBAaIOT- 
| MepBy!o Ouepeb, Ha (akTe cyllecTBOBaHHA B cyiicpyHCKOM JIMTOWMKse 
|mope) ZByX BbIMeplHX Tenepb B A3HH XBOHHbIX — Sequoia Langsdorfii 
‘xodijum distichum, »xHBYyUIHX B He€CKOJbKO H3MCHeCHHOH (bopMe TOJIbKO 
| oes Amepuke. 
RPXHAA TOMA TasleYHAKOB MW KOHTJIOMepaToOB, 3aseratollux B Tyax, MOvO- 
Ha HMeeT, MO-BHJMMOMY, IJIMOLe€H — HH2KHEYETBEPTHYHbIM BOspacrT. 
b janHpm B. ©. Tanonosou, B TOME rasleuyHHKOB(Kapbep Mexyy cc. Pas- 
“oe H KunapHcoso) Obl BCTpe¥eHbl OTIOKEHHA, OUCH OeAHbIE NbWIbUOH 
Dpamu, OcHOBHaa pOJIb B CNOPOBO-NbIIbIEBbIX CM€KTpaX STHX OTJOMKeHUH 
aI@KHT XBOHHbIM Tuna Pinaceae (Pinus, Picea, Abies, Coniferae), cocras- 
mum 81—94,6%. B uHeOompmux KomMyectBax (1—3,2%) Bcrpeuaetca 
a cem. Taxodiaceae. 
MCTBeHHBIe B CilekTpax cocTaBssaioT He Goee 5—19% u mpesctaBmeHsl 
ctsamu: Betulaceae, Juglandaceae (Juglans, Pterocarya), Ulmaceae, 
eae (Quercus), Tiliaceae. 43 rpaB ormeyatorcs cem. Gramineae, Nympha- 
| Compositae. 
0 3THM OCOOEHHOCTAM BOSPacT OTJOXKeHHH He MOXET ObITb ONpesemeH TOU- 
YeM IIJIMOMeH — J.PeBHeYeTBEPTHUHbIM. : 
ac B aHHOM Culy4ae HHTepecyeT TOVIUa MeNIOBLIX TYPOB, B KOTOPOH Obra 
yeHa MCKoNaeMad peBechHa. YNOMHMHAHUA O MPHCyTCTBHH OKPeMHCHHOK 
Pe B ocayKax CylibyHCKOM CBUTEI MMeIOTCA B paOoTaxX psa reouoros, 
KO 6e3 TOYHOrO OoTaHuYeCKOrO oONpeseseHHA. ; 
peu Tom TypoB B paone cr. KumapucoBo JlasibHEBOCTOUHOH XK. J. 
3p. A. . Monceesolt u JI. B. Bypusunoi Opimu mpousBeeHbl COopEl OKpem- 
li pepecHHbl. B 9TOM xe rody B oO HaxkeHH TYOB B OCHINH HeOOJbWIHe 
MKH aHaJOrMuHOro THNa ZpeBecuHh Opin Haliqensl I’. C. [anHeuimMubim Ha 
ero (SanayHoe noGepexbe AmypcKoro gasiuBa) (puc. 1), ; 
paiione cr. Kunapucozo, B o6naxkeHHu seBoro Gepera p. Cyliyxa, Opin 
W BCTPeYeHbI KPYNHbIe YaCTH CTBOJIOB H, MO-BHAMMOMY, IHCH AO 0,5 MB no- 
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nepeyHuke. OOpasilbl STO ApeBeCHHb! XpaHATCA B I]pumMopckom reowloru4y 
yupaBienuu, Bo BCEPEM (puc. 2) u BorannueckoM MHCTUTYTE Akay 
Hayk CCCP. 

OctaHOBUMCA HeCKOJIbKO MogpoOHee Ha PeOMOPHYeCKUX YCIOBHAX, B KO} 
pEIX Obwia Haliqeda ApeBecuHa. B sToM pavoue oOHaxkaeTcA CieCLYIOWMK KO 
TlI€KC OCaKOB (CHH3y BBepX): : ‘ ; 

1. Tlecox cept TyoreHHbI, MOJIMMHKTOBbIM, HECJIOMCTHIH, CJla0O CILEME 


THPOBaHHbIit TIMHHCTbIM MaTepHaJIOM . . - + + + +e + MotHocTb 0,30 

2. Ty meMTOBLIM CepbIM, CHUB 
H3MCHEHHbIM, HanOMHHAaIolui Tpenel 
HYIO [IMHY C HEACHOM TPOPH3OHTaJIbHI 
cnoucrocrhiw. . . . MomHocts 2,0 


3. TpenenoBuyHad ruimHa cepas 


OREN o o an 
2! Bopiiuna Caw djea N peJIMKTOBOH emOBOH CTpyKTypo 
oes MectamMu HaGJOaeTCA OKesIe3HeHHE 


BUe WATCH HM MOTCKOB. . .. .« « 
; ; . . .  MourxHocts 1,0 


4. TyconecuaHuk CBeTJIO-cepbIi 

Oxeancnam—y KPHCTaJIJIO-BUTPpOKacTHuecKOH CTpy 
= TYPOH, COCTOAMMM U3 YyIvIOBAaTBIX, pel 

/. | cJlerKa OKaTaHHbIX, MHOra pa30u 


BY) 
$B NAAMBOCTOH=€. 
; / > 


BYJIKaHHYecKOrO CTeKIa H TOJBE 
umaTop. . . . . . Momuocts 0,10 

5. Tyd mesMToBblii CBeTJIO-KOPH4YE 
15 0 15 30 Km BbIM C BUTPOKJaCTHYeCKOH CTPyKTyPpt 


Puc. 1. Cxemataueckad Kapra. KpectoM of- © peqroueHuaMU yepHoro yrauere 
MeCYCHI MECTa HaXOJOK J pPeBeCHHbI ; 


croro MaTepHayia HM oOmkene3HeHHe . ..... .. . . Momuoctrs 0,40 
7. TydoreHHblit mecoK Cepbi, KOCO- H TOPH30HTAaJIbHO-CJIOMCTHIM C rJIMI 
CTbIM I[CMeHTOM. 
Ha6smofaiorcad MHOPOUNCJICHHbI€ IIpeKpacHO COXpaHMBIUIMeca orTmeda’ 
JIMCTbEB J PeBECHBIX MOPOL, OTHOCALLMNXCA, 10 onpegeneHutio M. 1. Bopcyk, k & 
AyrouyuM dbopmam: Populus balsamoides Goeppert, Prunus sp. (puc. 3). 
8. Tyd ncaMMuToBbii OypoBaTO-xKeNTOrO UBeTa C BATPOKacTHYeCKON CTP! 
TYPOH, CHJIbHO M3MCHCHHBIM . . 2. 1 1 ss ee Ce MOMHOCTE Jame 
9. Ha pa3MbITOH CHJIbHO OKeMe3HeEHHOH NOBepXHOCTH TydoB — ropust 
OypbIX M@JIKO3CPHHCTHIX OXKEC3HEHHBIX TecKkKoB . . . . Moutnoctn 0,50 
10. Taneunuk B CepoM, MeCTaMM OxKee3HeEHHOM CymecuaHOM 3allOJIHHTe 
TabKa pasMepom 1—6 cm, xopomlo okaTaHa, peycTaBsleHa KBaplleM, KPpeM 
CTBIMA MOpOaMH, KBaplleBbiMd Nopdpupamu. Cyoucrocrb Topu3oHTaJbk 
a aM Erie ik aie ch GON 
11. Tloupenupit cynecuaHbiii CBeTO-KOpHUHeBHI TOpH3OHT . . a 
Se arr rN a lng 
OOu1OMKH OKaMeHeBIel [peBeCHHEI OblwIM BCTpeyeHB! B 8-M rOpH30HTe, B- 
POBAaTO-2XKeITOM TCaMMUTOBOM Tye. 3 
Ilo onpegenennio HW. A. Winnkunot (Boranuyeckuli uncturyr AH CG 
ApepechHa MpuHaywexuT Buy Cupressinoxylon cupressoides Krdusel. 
Bee o6pa3i{bl ApeBecHHbl UMCIOT CBETIYIO MameBy!oO OKpacKy c y4acTK 
MOTCMHEHHA, IPHYPOUeHHbIMH K Cep/ICBHHE CTBOJIa, K MPOrHUBLleli ee 4a 
Y3kue H CpeqHHe TOAMYHBIe KOJbIa BHIPAXKeHbI OTYeTIUBO. Hexkoropple 
HUX CHJIbHO CMATHI, H OOJIbIUAaA YACTb UMECT BEPTHKaJIbHbIe TPaBMaTHUeCKHe 
JIAHBIC XOMbI, pacOJaraioulMecA B MePBOM CJ10e paHHel u NOcAeqHeM c0e Ht 
Hel J[peBecnHbl. TpaBMaTuyeckue XObI JeKAaT TeCHO HM TAHYTCA Ha 3HAUNT 
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Puc. 3. a — Populus balsamoides Goeppert; 6 — Prunus sp. 


uc. 4. Cupressinoxylon cupressoides Krausel. a — nonepeuHbli cpes (100 ); 6 — TaHrex- 
AJIbHbIM Cpe3; 6H 2 — pafHaJIbHble Cpesbl: 6 — MOpoBocTh TpaxeHy (390 ); 2 — MopoBocTb 


nomelt mepexpecta (780% )- 


[AH, vr. 126, Ne 1, Tanewinn, WasaKkuna 


accToAHHH. OOpasoBaHue HX, 0-BUMMOMY, BbISBaHO KaKHMM-TO H3MeHe- 
H B ApeBecHHe, KOTOPbI€ HOCAT TpaBMaTHYecKu Xapaktep. Topus0ntavb- 
MOJIAHBIC XOZbI OTCYTCTBYIOT. 
paxevflbl paHHeli H NosqHeH peBecuHbl pasMualoTca TOMO CTeHOK 
AMCTPOM NovlocTH (puc. 4a). B panne Apepecune — Tpaxeuypl NOMTOHab- 
FPOPMbI CO CIviaxKCHHbIMH yIrvlaMH, C KpynHO nonocrbio. B noszHelt Ape- 
e€ — TpaxeuJbl C yTOJIMLeHHbIMH 
<aMH, YIVIOUCHbI B payuasibHOM — 
{ABJICHHH; NOJIOCTh y3Kaa, YHCIIO 
3B TpaxeHy] No3sqHeH [peBecuHbi 
- [lepexoy or pannel Apesecuuyl 
BAHeH nocTeneHHbIM. Tpaxenpi 
[PyribIMH OkOHYaHHAMH. Topp 
OJIOKEHbI Ha PallaJIbHbIX CTeH- 
Tpaxev, OKaHMJIe€HHbIe, OKpyr- 
B OJHOM HIM JBYX BepTHKaJIb- 
paax eKaT CBOOOLHO, cympo- 
ible, HHKOra He COMmpHKacato- 
A. 
apeHxXuMa udpy3vHaa, oOusb- 
| pa3sJIM4uHMa Ha TaHTeHTaJIbHOM 
» (puc. 46). [lonepesnaa creuKka 
HXHMbI TlaKaH WIM co cabo 
*KeHHbIMH y3eKamu. Iloppi He 
pyxxeupl. Jlyun OHOpOgHbIe OT 
‘ 25 cjOe€B KJICETOK B BBICOTY. 
bI Ha NOJIAX Mepekpecta Kympec- 
ube, 10 1—2, peyKo 3 nopbi Ha 
nepekpecta (puc. 4, 2). TaHren- 
\ a3 HW TOPH30HTaJIbHbI€ CTCHKH 
OK JyyeH cao mopucTBle nn 
kue. JIyuepble Tpaxeuybl OTCyT- 
HoT. CMONAHbIC XObI TPaBMaTH- Puc. 2. Uckomaemaa Apepecuna Cupressinoxy- 
Me, Tak Kak OHH pacnOJlaraiorca lon cupressoides Krausel. Buewnui Buy 
\BCeX TOMUYHbIX COAX, HU, KPO- 
Oro, IIpHypoueHbI K PaHHeli H NMO3AHeEH MpeBecHHe KaxXOrO CJIOA; CMbI- 
‘b, OHH JI@KAT OUCHb TeCHO H B TaHIFeHTaJIbHOM HallpaBueHHu. Topu- 
‘AJIbHbIe CMOJIAHBI€ XOJbI MOJIHOCTLIO OTCYTCTBYIOT. 
Januuve oO“JIbHOH MapeHXMMbI HW KyMpeccOHAHOH MOpOBOCTH Ha MOMAX 
>KpecTa WaeT BO3MOXKHOCTH OTHECTH UccJlelyemylo ApeBecnHy K poyy Cup- 
noxylon Gothan. W3 Bcex u3BeCTHbIX BHAOB STOTO posa paccMaTpuBaemaa 
3eCHHa OvIH2Ke BCero CTOHT kK C. cupressoides Krausel, omnmcaHHomy u3 Oypo- 
IbHBIX OTNOKeHUH Cusesuu (7). 
Ickonaembiii pon Cupressinoxylon Giepp pacnpocrpaHeH JOBObHO WMpoKo) 
Had c iopbl. Bcero onucaHo 35 BUAOB, H3 HHX OOJIbIIMHCTBO (26 BuzOB, 
CTHO H3 M@JIOBbIX OTJIO2KeHHH. 
>. cupressoides Krausel onucaH 43 TpeTHYHBIX OTJO*KeHUH TepMaHHn. 
IMeioujvecd TaHHbIe MOSBOMAIOT OouIee TOUHO ONPeLeIUTb BOSPacT OKPeMHEH- 
Ipepecunpl. Ha ocuopannn u3y4eHHA HCKONaAeMOH (plopbl TYPoB CyyHCKOu 
bl MOXKHO YBEPCHHO TOBOPUTb O MMOLeHOBOM BospacTe ApeBecuHbl Cupres- 
xylon cupressoides Krdusel. 


3ceco13HbIit Hay YHO-HcCeAOBaTeIbCK HL eas 
reolorHuecKHH UWHCTHTYT 5 


I[MTHUPOBAHHAA JIMTEPATYPA 


A. H. Kpumtodosx4, Boras. xypx. CCCP, 31, Ne 4 (1946). 2R. Krau- 
Jahrb, ere re ie 39, Peed 427}(1920) ew AAR. Korda sre benPaleon- 
phica, 89, Abt. B, 131 (1934). 
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Jloxnagn Akayemuu HaykK GGecP 
1959. Tom 126, Ni 4 


TEO/IOL 


C. K. TOPEJIOB 


HEKOTOPbIE 3AKOHOMEPHOCTH HOBEMWIEM TEKTOHNKU 
JIOKAJIbBHbIX CTPYKTYP MNOBOJDKbA WH CEBEPHOrO KABKA3/ 


(I1pedcmaeneno axademuxom H. I]. Tepacumoeoim 10 I 1959) 


B 1952—1958 rr. aBrop usyYas HOBeHUIMe (HCOreH-YeTBEPTHYHBIe) TEKTC 
YeCKHe JBHXKCHHA JIOKaJIbHbIX AHTHKJIMHAJIbHbIX H CHHKJIMHAJIbHbIX CTPyK 
B peqelaxX paccMaTpHBaemoi oOvlacTH oro-BocTroKa PyccKkou mulatTipop 
3anaua cocTosla B BbIABJICHHH YaCTHbIX H OOWINX OCOOeHHOCTeH HeOTeKTOH 
CTpyKTYp MH ompeweneHun ee 3HAYCHHA WIA CTPYKTYPHO-FreosOrHyecKoro ~ 
Jiu3a Tepputopun. Msyyenue crpykTyp MpOBOXHJIOCh MO KOMIJIEKCHOM Teos 
reomopdouiormyeckoli MeroguKe (7, 4) BKOUaBLIel HapAy C MPMMeCHeHHeM | 
MOp(OJIOrHYeCKHX MeETOJOB HCCIeOBAaHHA (M3YYCHHE PeYHBIX Teppac, MOBE 
HOCTeH BbIPABHHBaHHA H Ap.) aHaJIM3 OMpeeIeCHHbIX FeOJOrHYeCKHX MATE} 
JIOB, B 3aBHCMMOCTH OT HX 3HaYCHHA JIA PeWICHHA NOCTABJICHHBIX BONpPoOr 

B pesyubTaTe MpOBeMeHHbIX HCCJIeAOBaHHH BbIABHJIMCh CJIELYIOWIHE Ocot 
HOCTH HOBeHIMerO TEKTOHHYECKOFO pasBUTHA CTPyKTYP. 

Ilo cremeHv TeEKTOHHYCCKOH AKTHBHOCTH H3YYCHHBIe JIOKaJIbHbIeC NOLHATH 
NpOrHObl NoLpa3seAIOTCA Ha AKTHBHbIe, CllaOO aKTHBHbIC H H€AKTHBHBIe. 1 
TOHHYCCKHE JBHXKCHHA aK TUBHBIX CTPYKTYP HaXOMAT YeTKOe BbIPAKe 
B CTPOCHHH pesbeda, MIaHOBbIX OYePTAHHAX YTHPOCeTH, MOLLHOCTAX UH TUT 
IHAX UeTBEPTHYHBIX OTOKeHHH. B palioHax aHTHKJIMHameH Ha6mojzae 
CY2KeCHHE PCUHBIX JOJHH WH OalOK, Mp STOM HAalpaBeHHe SPO3HOHHEIX 
yacTO COBNMaaeT C HaNpaBJIeHHeM NafeHua nuiacToB. [lopepxHocTH peuHBIX ' 


Puc. 1. Cxema HeoTeKTOHHKH HM CTpyKTypHO-reosorMueckux ocobenHocTeH TlopomKba, Epr 
Hw CTapponoubsa. 1 — KOHTYPbI MOKaJIbHLIX AHTHKJIMHAIbHbIX NOAHATHU; 2 — To xe — CHE 
HaJIbHbIX MporH6oB; 3 — MOKaJIbHbIe NOAHATHA WIM NpOrHOnl akTuBHbIe; 4 — TO Ke, cabo at 
HbIe; 5 — TO Ke, HeakTuBHbIe; 6 — oOmee HallpaBMeHHe OCeli KPyMHbIX MPOrH6oB C ACHO B 
X%KCHHOH TeHeCHIHelH HOBeHWero TeKTOHHMYeCKOrO ONycKaHHA; 7 — To xe 6e3 TaKoli TeHIeE 
8 — W30/1MHHM MOBePXHOCTH KpucTamMuecKoro cbyHJaMeHTa; 9 — ycnoBHbie HanpaBaA 
v30aHoMas (pexzyKuus Byre); 10 — norpe6ennple cBogbl H KpyMHble BBICTYIIbI KpucTamMHYeC 
(byHamenTa, ycTaHoBseHHble riyOokuM OypeHveM MIM HaMe¥aeMble Mo AaHHbIM reodusuye 
uccleqopannit, J] — oKasbuble NOAWATHA C MPAMBIM COOTHOMICHHEM Pa3JIMUHBIX cCTPyYKTY! 
stake ocaqounoro yexsa; 12 — To xe Cc COOTHOMWeHKHeM, OM3KHM K npsMomy: 13 —T 
C pe3KHMH CMEIEHHAMM CBOJOB HIM NOMHOM «HHBeEpCHeli» cTpyKTyp ocaqouHOrO yexwa; 

KOHTYPbI KPYyMHbIX AHTHKJIMHAJIbHBIX CTpyKTyp OcafoyHoro yexsa (crpyKTypH II nops 
Ha ppeske: 15 — pationbl o6mjero HHTeEHCHBHOPO HOBeMLUIero, TeKTOHHYeCKOrO NOQHATHA; 

TO 2Ke ca6oro noguATHA; 17 — To %xe — OOmero HOBeMMero TEKTOHHMYeCKOTO ONyCcKaHHa; 

TO #xKe — ca6oro omycKaHua. Haumenopaune crpyxtyp II nopagxKa: J — Kepexcko-UemO6ar 
pal; J — Ilex3o-Mypomckuit nporu6; //] — CypcKxo-Moxumuckuit Ban; /V — Ipucyz 
30Ha NoxuATHi; V — Byuncko-Kopcynckas 30Ha noguaTuh; VJ —IIpucsusxckaa 30Ha TI 
Tui; V/J — Causxcxuh nporu6; V/JJ — Bopauuckuit pan; 1X — MenexeccKo-Panaer 
BiayunHa; X — )Kurynesckui san; XJ — Tycuxuncxo-Kuxuuckaa 30Ha NOXHATHH; X 
Kapaoymakckui Ban; X/J// — Ilerposckaa pnaquna; X/V —Capatosckad 30Ha nO,H 
XV — Baraescko-Fopiouxunckne noguataa; XVJ — Kapampmuckuit mporu6; XVII — ] 
Meqpequukuit pan; XV//] — Tlpennonenxuit repunuckuit mporu6; X/X — Tepunucxali n 
OeHHbId Kpax Eprenei; XX — Mansiuckuii mporu6; XXJ — Crapponombckaa makaHT) 
Hab; XXJI — YOxuo-Craspononpexui san; XX//I — Munepanosogcxuli mamneorer 
Bpictyn; XX/V — Benomeuercku mporn6. Kpynupie noxHATHA MH BNa_MHB! cyHyamenta: 
Tokmosckuii cpox; 5 — Menexeccko-Pagaesckaad BnaguHa; B — Cpeqne-BomxKckuii cBon; 
Capatopo-Pa3anckan Bnaquna; /Q — Boponexckuit Buictyn; E — CrapponombcKuit cl 
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pac oOpa3ylor 3fecb KpyTbIe BepTHKaJIbHbIe U3THOBI (aMMJIMTYAbI NOZHATHK J 
5—10 M), cloxeHbI C1a60 COPTHPOBaHHbIM MaJIOMOLHBIM aJIJIIOBHEM HJIM BbIpé 
6oraHbI B KOPeHHbIX MOpOfaxX. Secb Ke YBEIMYHBAIOTCA BbICOTHI BOMOPAasewk 
HbIX MOBepXHOCTell BbIPaBHHBaHHA. B npesemaX aKTHBHBIX CHHKJIMHAeH IC 
BePXHOCTH BbIPAaBHHBaHHNA H PeYHble Teppacbl CHH*KAalOTCA. AJJOBHaJIbHbIe CBP 
TbI IpeCTaBJIeHbI, KaK MpaBHJIO, MEJIKOSCMHCTHIMH OTJIOXCHHAMH MOBBILUCHHO 
MOULHOCTH; MOMOWIBbI CBAT 3aJleralOT HW2Ke ype3a BOsbI B peKax. Takue ocober 
HOCTH XapaKTepH3yIOT,. HallpHMep, SaOopoBckoe H BacuJibeBcKo-PayenicKo 
noquatue )Kurysesckxoro Bala, Kapampmucku mporu6 capaToBcKoro mpaBC 
6epexba Bourn. 

B palionax c1a6O0 aKTHBHHEIX CTpykTyp Takxe HaOMOMaloTCcA Tec 
JlOTO-reoMOpOIOTHYeCKHe MOKasaTeH HOBEHIIMX TCKTOHHYCCKHX [BH2KEHHE 
HO BbIpaxKeHbI OHH MeHee. ¥eTKO. B yaCTHOCTH, DIA STHX CTPyKTYP THIMUYHI 
He3Ha4HTebHbIe (opayKa 3—5 M) RetbopMallMH BbICOT PeYHBIX Teppac Hu Ooue 
PaBHOMepHoe pacmpeseneHue MOLLHOCTeH HM JIMTOPAMMM aJIJIIOBMAaJIbHBIX CBH 
(Ymeropckoe noqusTue Cramuurpagckol o61., Cnumesckait BnaquHa CraBpc 
TOJIbs). 

K uwucry HE AKTHBHBIX CTPyKTyp ObWIM OTHECeEHbI Takue, B Mpesevia 
KOTOPbIX OTCYTCTBYIOT OTMEYCHHEIC BbILNe MPpH3HAKH HOBelMero TEKTOHHYCCKOr 
NOJHATHA WH OnycKaHua (CaqoBcKad CHHKIMHab Eprenei, BypykulyHcka: 
CHHKJHHab CTaBponouibaA H Jp.). 

OnpeejeHHble 3aKOHOMepHOCTH HaOsIOMalOTCA B PerHOHAJIbHbIX H3MCHCHHA 
HOBeHWeH TEKTOHHYCCKOM AKTHBHOCTH JIOKaJIbHbIX CTpyKTyp. Kak BuAHO H 
cxeme (puc. 1), aKTHBHOCTb 9THX CTPYKTYP MOBbILMaAeTCA B 1OKHOM yacTH CraB 
pomombeKow mwiakanTHkKsIuHaH (LOxKHO-CraBponouIbCKHH BaJI), CBOJOBOM 30H 
morpe6eHHOro repluHcKoro KpsxKa Eprenelt, WeHTpasibHOK 30He Jlono-MeyBenuu 
Koro Bala, B Mpegetax KapaOynakckoro, )Kurynesckoro * uw BopsMuckor 
BaJlOB. Hapsyy c 9THM BbIZeAIOTCA PaHOHbI CaOOH AKTHBHOCTH HIM H€AKTHBHO 
CTH JIOKaJIbHBIX CTpyKTyp — Kepeucko-UemOapcknh nu Cypcko-MoKUIMHCKH: 
BaJbl, Byuucko-Kopcyuckue, Tycuxuucko-Kukunckue, CapatTopcKkue MCJIC 
Kall, JIOKaJIbHbIe MOAHATHA 1oro-BocTOUHOrO OKOHYaHHA JLono-MesBequuKOr 
Balla (7) H ceBepHol vacTH CraBponovIbCKOl MakaHTHKJMHaJH. 

Tlockombky H3Y4eHHBIe JIOKaJIbHbIe CTP YKTY PbI OCOKHAIOT MEPCUHCJICHHbIe BB 
Ie Ooee KPyNHbIeTEKTOHH YeCKHe NOMHATHA — CTpyKTyppl I] nopsyxa (?,2 4 Ap. 
TO, OYCBHHO, MOXKHO CfelaTb BDIBOL O pasMHYHOM XapakTep 
HEOTEKTOHHKM STHX NOLHATHH WJIM HX OTZCJbHbIX YacTeH. Pa3sH4HbIe TeHTCE 
WMH HOBeHIIMX TEKTOHHYCCKHX JBHXKCHHH XapaKTepH3yloT TakxKe Manpmckul 
Tlen30-Mypomckuli uw [pyre Kpynuple npornOpr (cM. Bpesky Ha puc. 1). 

Jt BhIACHCHH A MIPHUMH YKa3aHHbIxX OCOOeHHOCTeH HEOTeKTOHHKH TloBomxKbs 
Eprenei u CraBponouba JaHHble O HOBeHIMMX TeKTOHHYeCKUX JBHXKeHUA 
CTPYKTyp CONOCTaBJIAJIMCh C pe3ysIbTaTaMH rulyOoKoro OypeHuA u reodusnyer 
KHX HCCeqOBaHHH. OKa3avl0cb, YTO paHOHbI MOBbIMCHHOM AKTHBHOCTH JIOKaJII 
HbIX CTPyKTYp B OOMHX YepTaX COOTBETCTBYIOT MOrpeGeHHbIM CBOJaM KpPHuCTaJ 
JM4eECKOPO (byHAamenta **; pafoubl cla6o AKTHBHbIX HM H€AKTHBHBIX CTPYKTYP - 
BlaluHaM JIM CKJIOHAM KPyMHbIX BbICTYNOB (PyHAaMeHTa (AKTHBHbIe CTPyKTYP 
)Kuryuesckoro u Kapa6ysaKckoro Baslos — Cpeqne-BomxcKomy cBony pyHlk 
MeHTA, CJlaO0 AKTHBHBI€ H H€AKTUBHbIe CTPyKTYpbI CapaTOBCKHX JMCOKalMh - 
Capatoso-Ps3zanckol Bnagqune u xp.). Bonbumuctso (75—80%) akTHBHBIX JI 
KaJIbHbIX TOMHATHH UMeeT MpAMOe (HIM OM3KOe K HEMY) COOTHOLIeHHE JIA pa 
JIMMHBIX CTPYKTYPHBIX 9TaKeH OCamouHoro yexJa, a MHOrMe (7O—75%) caat 
aKTHBHbIC MH HEAKTHBHBIC NOAHATHA XAPAaKTePU3YIOTCA PE3KUM CMELIILCHHEM CBO] 
HJIM NOJIHOM «MHBepCHel» Tul yOMHHBIX CTPYKTYP B MiaHe (cM. puc. 1). 

IIpupeqeHHple JaHHBbIe yKasbIBaloT Ha GOOJIbINYIO poh ABuxKeHHI KpUcTa.) 
wmMuecKorO (byHaMeHTa B HOBELINeM TeEKTOHHYCCKOM Pa3BHTHH JIOKaJIbHb| 
crpykTyp. Becre c TeM, Ta HIM HHaA CTeNneHb HOBeHUIeH TEKTOHHUCCKOM aKTH 


* 4 iy 
_  Alawubie o Hopelimmx TexTOHMYeCKHX  BHKeHUAX CTPyKTYp paliona r. Bombcka u )Kur} 
nei MpuBeyenbt no IT. B. O6equexntTosoi (5). | 
Yckmouaa pation TokmosceKoro coxa. | 
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M STHX CTPyKTypP OMpeneiaercA TakxKe TeOMOrMYeCKHM BOspacTOM, Tiy6u- 

| SasleraHHA WH MECTOMOOXCHHEM Oosee KpynHbIX crpyKtyp (crpyKtyp II 
AKa) OCaMOUHOrO Yexs1a. OO STOM, B YaCTHOCTH, CBUETECTBYeT NOBBILUE- 
» TEKTOHHYCCKON AKTHBHOCTH JIOKaJIbHEIX CTPYKTYP B 30HE Me30KaliHO30LiCKOli 
2KCKOH (°) CHHEKJIM3bI 110 CpaBHeHHI0 C MavleosolicKHMH CTpyKTYpaMu Cypcko- 
KIIMHCKHX HW Kepeucko-UemOapckux qucnOKalMi; cna6ad aKTHBHOCTb J0- 
bHBIX CTPYKTY,), OCJIOXHAIOMIMX TIyOOKO NOrpy2KeHHbIe yYaCTKH CTPyKTYp 
mopAyKa (1oro-BOCTOUHOe okoH¥aHHe Jlono-MezBequukoro Bala u Op.); 
ee MOBBIMeHHe HOBeHWel TeEKTOHHYCCKOM axTHBHOCTH JIOKaJIbHbIX CTPyKTYP 
BPONOMbCKOKH MJaKaHTHKJMHaJIH B HallpaBsenun Kapka3a. 
TakuM oOpa3oM, Ha OCHOBaHHH M3JIOXKeHHOPO BBILe MOKHO CUNTAaTb, YTO 
eHIMe JBHXKEHHA TEKTOHHYECKUX CTpykKTyp TloBouKps, Eprenefi u Crappo- 
bA XapaKTePHSYIOTCA OOJIbIIOH CNOXKHOCTHIO, TECHO CBA3AHBI C J[BH2KCHHAMH 
CTaJIIMYeCKOTO byHaMeHTa, FeOMOrHYeCKHM BO3PaCTOM UH IyOMHHbIM CTpo- 
eM CTpyKTyp ocayO4uHOorO 4exJla. DTH O6cTOATeMbCTBa HEOOXOJHMO YUHTHI- 
b Ip pellleHHu TEOPeTHYECKHX HW MpaKTHYeCKHX (MOHCKH JIOKaJIbHbIX HetpTe- 
OHOCHbIX CTPpyKTYP) BOMpocoB CTpyKTyPHO-reosOrMyecKoro aHasu3a PpaccMaT- 
BaemoH TeppuTopun. PesybtTaTbl H3yYeHHA HEOTEKTOHHKU CTPYKTYP YKa3bI- 
OT TAK2XKE Ha BaXKHYIO POMb reoMOposoruyecKoOro MeTOsa B NOMOGHBIX HCCIe- 
sSAHHAX. 


MucrutyT reorpadun Tloctynuso 
Akajemun Hayk CCCP 9 I 1959 


WHMTUPOBAHHAA JIMTEPATYPA 


110. A. Kocurun, Ocnopbl TeKTOHHKH™ HeTeHocHBIX oOmacteli, M., 1952. 
A. Kay6os, 1. A. Memepsaxkos, [eon. nedru, Ne 8(1957).? M.D. Mu p- 
HK, A. A. Baxkupos, XX Mexyynapogubli reon. kKourp. Matep. mo reovor. 
Tu, 1 (1958). *H. MW. Huxowmaes, Hoselituan TekKTOHHKa CCCP, M.— JI., 
. 5° T. B. O6eRuHeHTOBA, Hoselimue TexTOHNYeCKHe JBHKeHHA WH reomopdo.uo- 
eckve ycnopua Cpennero Tosommpa, M.,1957. § H. C. UlatcKxuu, V3s. AH CCCP, 
. reonm., Ne 1 (1946). 7 9. I. Wl] adupo, Hse. AH CCCP, cep. reon., Ne 10 (1958). 
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TEOJOLS 


MH. i. FOPWITEMH 


O PA3MAXE HOBEMIUAX TEKTOHHYECKHX ABY)KEHMA 
B TIPHAHECTPOBbE 


(ITpedcmaeaexo axademucom H. II. Tepacumosum 10 1 1959) 


Tlepecexaa TlogonscKoe naato, [Hecrp Teyer B rlyOoKoH# KaHbOHOOOpa3H 
NOJIMHe, BbIPASOTAHHOM PeKOH B pesy/IbTaTe NOHATHA OKPyKatouleH MeCTHOC! 
YrBeplus0cb MHeHHe, 4TO B 9TONH uacTH IIpHyAHecTpOBbA HOBeMIIMe TBHKeH 
BbIPa2KeHbI HaHOoulee pe3koO. Baicota 220 M paccMaTpHBaeTCA B MHTepaType K 
MaKCHMaJIbll0e 3Ha4eHHe aMNUIMTYAbI HOBeHWMX KOMeOaHHH B I Ipuquectposse ( 

HccieqoBaHvAMH MOCJeCAHAX JIeT yCTaHOBJICHO, YTO HaMOOVJIbIaA BBICOTA, 
KOTOPOH sacdbuKCHpOBaH ApeBunl aoBuH J[Hectpa, HaMHOFO NpeBOCXOHT 1 
3BaHHy10 Wudpy. CoorBercTByroulee MecTO HaxoguTca He B IlogomHu, a BCeB 
HoH Bykosuue, re ApeBHHe raJieuUHHKH HaOJICasIMcb HaMM Ha BbICOTAaX, JOC’ 
raloulux 335 M Hag ypoBHem J[HecTpa. ) 

Uro Ke KacaeTCH NMOMONbCKOrO OTPe3Ka JIOIMHbI, TO COOpaHHble aH 
NO3BOJIMJIM YCTAHOBHTb 3feCb (MexKy mpuToKamu J[HecTpa, Beicrpuue u Ce 
TOM) CJI€AYIOWMH TeppacoBbli pA (BbICOTa Ha, ypOBHeM peKH)} 


j-a Teppaca 4-6. wv d-a Teppaca 70—80 mv 

DGS 10 m 6-41» 110—120 u go 170 mM \ B paiione 
3-1) P#20 M 7-A > 140—160 u no 220 m \ Uepuenuy 
4-1 y 35—90 M 


Vcxola u3 WesH HaCTOALLero COOOWIEHHA, MbI Or(PaHHYHMCA PpacCMOTpeHH 
ABYX CaMbIX BbICOKHX Teppac. 

{[pepuehinaa Teppaca J[Hectpa, cleqbl KOTOPOH coxpaHuuuch B pale Me 
BOSBbILMaeTCA Ha peKOH HOpMaJIbHO Ha 140—160 M. Buu3Kue undppr (151 
180 m) mpuBoguT JI. Jlynrepcray3eu (*) quia MomaBckol TeppuTopuH (pacxe 
JeHHA B3IIAQOB Ha MECTO 3TOH Teppacbl B PAY APYyFuX MbI 3ecb He MOXKEM 1 
CaTbCa). 

Yposun 6-H u 7-4 Teppac Ha U3y4aBIUeMCA OTPe3Ke JOMMHbI esopMu poBak 
Teppacbl MCIbITa/IM MOMHATHE, MAKCHMYM KOTOPOrO Npuxog_UuTCA Ha pation Yep 
JM, (Ha3BaHO Hamu UepHesnuKkum). lO. Tlonaucxun (°) Bnepppe pasrpaHut 
3]eCb JIB€ BbICOKHe Teppachl: ApeBHeluty!o (ero 6-A Teppaca), cO%KeHH 
«KapmaTcKOH raJibKol», H Apyryto (5-10), 3aKJHOYaIOWLy!O y2Ke MOMOICKHE 10) 
bl, B UaCTHOCTH XapaKTepHbIM KpPaCHbIfi NecuaHHK Hu>KHerO yeBoHa. Ilo M 
HHIO STOFO aBTopa, O6€ Teppacbl HCMbITaIH BIOMHE OLMHAKOBYy!O JedopMally 
BbISBaHHY!O NOMHATHEM MOCMe OTJOKeCHHA aIOBHA 5-H Teppacnl. 

Tlo HalliMM HaOJIOLeHHAM BBIPHCOBbIBaeCTCA HECKOJIbKO Ha KaprTt 
(puc. 1). [lomumo o6mjero noqHATHA NOBepXHOCTH, OOyCOBMBUIeErO Bpesak 
npa-J[Hecrpa B aJluioBnl 7-i Teppacbl H OOpa30BaHHe ycryma, Mbl pa3iMuE 
B TOM XK€ MpOM@KYTKE BPeCMCHH CaMOCTOATeIbHOe MOAHATHE, HaJIOKUBINE 
Ha mepBoe B palione UepHeruy. Ha noMeuleHHOM Mpodule BULLO, ITO pasHor 
BLICOT OOe€HX Teppac 3a MpeyenaMH YepHEAHUKOrO NOLHATHA paBHa 10—20 
a B ero cBoye — 50 m. Ho 970 ne Bce. Hopetuine JBUKeHHA B IIpuauectpol 
HeOOXOAMMO PaCCMaTPUBaTb Ha (POHE TOFO MepenMeTeHNA pa3PbIBHEIX Hapyl 
HUH, KOTOPOe yCTaHOBJIeCHO Ha OCHOBaHHH pagal ucceqoBaHnit AA BCel My 
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iKapNaTCKOH OKpanHHb! PyccKolt nuatopmnl. Creqyer oxnJaTb, YTO KoebaTeb- 
HIBIC ABH2KCHH 5 30€Cb MPOABJIAIOTCA B H3BECTHOM Mepe AudepeuUy powaHHo, B 3a- 
BHCHMOCTH OT JleeHHA PyHLaMeHTa Ha OloKu. B nowHOM cormacuH ¢ TaKOli KOH- 


poAa OTHOCATCH K CBOAY NOAHATHA, KOTOPbI, BEPOATHO, OCJIOXKHEH pa3pbI- 
BaMi. 

Ha mpopuse (puc. 1) nokasaHEI Ba yposHa 6-H Teppacbl — BEMYyKABIM u 
popu. [locnequnii — STO CJIEX, OCTABJICHHbIM PeKOH y2xKe MOCe NOKaIbHOrO 
MOAHATHA, OH COBMaNaeT C N€PBOHAYaJIBHBIM (HE HapyUIeHHbIM) yPOBHeM JlaH- 
HOW Teppacnl. B kakoii-To mepvoy Bpemenn, Korga 3a npegenamu UepHesmuuKkoro 
}PavOHa NOBEPXHOCTb HaXOJMaCb Ha NOCTOAHHOM YpOBHe, 3J[ecb cnepBa Mpouso- 
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Puc. 1. pogonbupie npodunu pbicokux Teppac J[nectpa mexyzy Beictrpuuelt u 
Cepetom. /—7-a teppaca, 2 u 3—6- Teppaca, 4 — MapkupylomMit ropH30HT 
BepXHero Mewla 


0 NOMHATHE, a 3aTeM NOcMe_oOBasl MepHogy noKos. Benue wu awxKe UepHennuKo- 
© NOAHATHA 6-A Teppaca HaOvOZaeTcA Ha BEIcoTe 110—120 Mm, koropas mpn- 
HMaeTCA HaMH 3a HOPMaJIbHYy!0. Ouenb OM3KHe WHdphl Haxoyun y JI. OD. Jlyx- 
epcray3eHa (ero 5-4 Teppaca B HMxKHeM TeyeHHH J[Hectpa — 110—130 m). Ho 
Jia patoua Morunesa IlogonmpcKoro Teppaca TakOrO ypOBHA He yka3aHa. 
pu ONnucaHHM Ciezyrollel mo BEICoTe Teppacbl MoruuescKoro I]pugzHecrposbs 
140—150 m) P. P. BaripsxxuKoBcKuit OTMeTH, YTO B COCTaBe €€ raJIbKH COMepKUT- 
A «KpaCHbIi CJOMUCTHIG mecyaHHuK frasHunicKkoro Old red (('), crp. 127). 
TOT (akT HMeeT OobIOe 3HAYeHHe. OH HCKJIOVaeT NapadeIb MEK Ty STO Tep- 
aco H Haluel 7-H, HeCMOTpa Ha UX OH3KHe OTMETKH. Bmecte Cc TeM, CTaHOBUTCA 
OHATHDbIM OTCYTCTBHe Teppacbl Ha Bbicore 110—120 M uw HeomuaHHOe NosABue- 
we Teppacbl Ha BbICoTe 175—200 m. OuesuyHo, Teppacy Ha ypoBHe 140—150 m, 

aJIJIKOBHH KOTOPOH cosep2%kuTCA JeBOHCKHH MecYaHHK, CJleqyeT CONOCTaBUTb 

Hameli 6-H, WomycTuB, yTo nocsequaa y Mornviepa IloqombcKoro npunoyusta 
a 30 m. Teppaca xe, HaOogaBuiaaca P. P. BbipxkuKoBCKHM Ha ypOBHe 
75—200 m, coorsercrByeT B 9TOM cuIyy¥ae Hallet 7-H. 

Takum o6pa30M, MbI IpHXOUM K BBIBOLY O HaJIMYHH MOAHATHA B pakoue 
Morustesa Ilofompexoro, copnayaroujero mo Bpemenu c UepHetHuKHM NOgHA- 
rueM. IIpHHaB Takoe OObACHeHHE MOFHJIeEBCKUX Teppac, KOHCTaTHpyeM MOsMHOe 
corjlacHe aBTOPOB B OTHOLIeHHH BbICOTbI 7-H Teppacbl. 

Bonpoc 0 BpeMeHH ONMCaHHbIX MOAHATHH pelliaeTcA MCXOAA H3 MMEIOWUXCA 
|aHHBIX O BO3PacTe BLICOKHX Teppac J[HecTpa. Ilo HaxoxKaM *ayHbl, C\eaHHbIM 
3 Monjapun, Bospacr 7-li Teppacbl HaexKHO ONpeseAeTCA KaK CaMBIH KOHEIL 
1MoleHa (7), a BospacTt 6-H — Kak ApeBHeYeTBePTHYHDIH. OTH JaHHBbIe M03B0- 
IAIOT OTHECTH MepBble JBHXKeHHA, BbISBABIUMe NepOpMalHi0 CaMBIX BbICOKUX 
reppac J[Hectpa, K HaYaJly YeTBepTHYHOFO NepHosa. 

B pervovasibHoM mane somuelicroreHoBoe TepHesMUKoe NOAHATHE peKpac- 
10 yBASbIBaeTCA C TEKTOHHYeCKOH MHHHeH Bepyo — Hapoub B. Taccelipa, C KOTO 
JOH B APyrom MecTe TakKxKe COBMaLaloT MOJObIe HapYICHHA Cak eopusnueckue 
ICCC OBAHUA NOATBEPANJIM MpOXORMeHHEe STO JIMHHM OT UepHemuukoro noz- 


iNTHA K CeBepo-3anany (%). 
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Bosspamascb KCepepHoli BykopuHe, Halo yKa3aTb, 4TO JIMHUA Bepyo — 
Hapostb Ha 10ro-BOCTOKe JOBOAMJacb ee aBTOpOM Oo r. Bepgo, K CeBepy OT KOTO- 
po Apesuult amuoBul J[Hecrpa MOKOMTCA Ha MAKCHMAJIbHbIX BBICOTAX. Hecmor- 
PA Ha 9TO, HeT JaHHbIX, KOTOPbIe MOSBOMHM Obl HEMOCPeACTBCHHO CBASATE 
TeKTOHHKYy palionos Bepyo u UepHesmmunl. 

Ha puc. 2 u306paxKeH nonepeyHEi npopulb AoumHE! J,HecTpa B MecTe Hal- 
6oubiuero cOmxKeHUA J[Hectpa u IIpyra. Buqua poBHawd MOBepXHOCTb Teppacbl 
BpicoroH 90—105 m. Uupuna ee paBHa HeCKOJIbKHM KUJIOMeTpaM, BaJlyHHO-T@ 
jleqHbii aJWOBHit MOKpbIBaeT OoNbUIOe MpocrpaHcTBO. ConocraBeHue yOox Maer, 
yTo 9TO —5-a Teppaca J|Hectpa, 3fecb NoqHATaA Ha 20—30 M. Ona KpyToO O6pbI- 
BaeTCA K peKe Ha BcloO cBor1o BBICoTy. IIpodustb, MexKAy MpOYHM, MOKasbIBaeT, 
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Puc. 2. Monepeunpiit npoduib Zonuupt J[nectpa no aunun Jlo6po- 
HOBUbI — MutKosubl. 1—5-a Teppaca, 2 u 3 — cTyneHu 6-H Tep- 
pach, 4—/-a Teppaca 


yto J[HeCTp OTHOCHTEIbHO CBOOOAHO MeaHAPHPOBaJ B MepHON OTOMREHHA aJLJIIO- 
Bua 5-H Teppacbl (MHHJeb) H YTO TOKO TOCIe ee OPOPMJIEHHA JIHHa NpHoope- 
Jia KaHboHOOOpa3HbI BUI. 

Ha ckKJloHe JOJIMHbI, B paione cen Bep6onun, BoaHuyk u J,[oOponoBunl, 
COXpaHHJIMCb OCTaTKH N10 MeHbIWeH Mepe ABYX CTapllux Teppac (Ha ypoBHAX 
150 u 225 M) B BUe NOKPOBa 3e/1CHOBATOH TIMHbI C PpaBHeM, KOTOPbIM, yCTHJIaA 
CKJIOH, MACKHPYyeT KOPeHHBbIe BbIXOJbI aJIOBUA. Cpequ rpaBHA W PaJibKH BCTpe- 
yaeTCH KPaCHblM MeCUaHHK NOAOIbCKOFO AeBOHA. DTO OOCTOATEJbCTBO MO3BOUACT 
CUHTATb, YTO YKAa3aHHbI€ YPOBHH COOTBETCTBYIOT ABYM CTYMeHAM 6-H Teppacbl. 
OT KOTOPOH COXPaHHJICA JIMLUb THIIOBOH yUaCTOK. 

lOxuee Jlo6poxoBieB ApPeBHHH aJIJOBHH NOKPbIBaeT BBICIIYIO TOUKY PeJIbe 
cpa (r. Ketter Dop6) ARyXMeTPOBBIM CJIOCM OXPHCTO-x*KeJITOFO MecKa C LadbKOL 
H M@JIKHMH BaJlyHaMH MCKJIIOUNTEbHO KapnaTCKOro NpOHCXoxeHHA. ITU pes: 
HeHWWHe PeYHbIe HaKONJICHHA Mbl OTHOCHM K 7-H Teppace J[HecTpa. Onn slexKal 
Ha BbIcoTe 335 M Hay, peKOH MH yflaJieHbI OT Hee Ha 7,0 KM. H. C. Ilacryxos eure 
B 1949 r. HaOsoqal 30ecb A peBHH asOBHH, HO He UpHyam sTOMy ocobor¢ 
3HaueHH A. 

Cneqyer noquepKHyTb pasJiMunve MeXKLY OMMCAHHBIMM JPeBHUMM FasleuHHKa: 
MH, KOTOpble TeCHeHIIHM OOpa30M CBA38aHbI C MOPdoMOrHeH THECTPOBCKOH TO 
JIMHbI, H MOKPOBHBIMH rasleuHuKamu IIpexKapmatpa. Ilocmequue ABMAIOTCA OT 
JIOKCHHEM KapMaTCKUX TpHToOKOB J|HecTpa, H HX BbICOKOe THICOMeTpHYeCKOE 
TIOJIOMKEHHE ECTb CJIEACTBHE TvlaBHbIM OOpa30M NO3qHeEMWMero BO3bIMaHHsS 
mpeqropbs. 

MakcuMasIbHoe NOLHATHe ypoBHeli 6-4 u 7-H Teppac J[Hecrpa mpuypouexc 
K C€BEpHOMY KpalO pe3KO OYEPYCHHOM BOSBbIMEHHOCTH, OOpasylolleH Bosopas: 
yen J[nectpa u IIpyra. Ee orHocutenbyas Bbicora — 6osee 200 M, BuIciuasad TOU 
Ka —Tr. Bepgo (515 Mm). Ora BO3BbIINeHHOCTh, 3aHHMarolllad O6oOcObeHHOe MO 
JIOKeHHE, B CBETe H3JIOMKCHHBIX TaHHbIX JOJKHA MMeCTb HeECOMHEHHO TEKTOHH 
YeCKOe MPOHCXO*KMeHHe H MOMOLOH, MPCBHEYETBEPTHUHEI, BOSpacr. 

TloqBoqsa1 HTOr CKa3aHHOMY, MOXKHO HaMETHTh PA, BaKHeCHIUMX CTaquii BOC 
XOWAMLerO TBHKeHHA 3eMHOH KOpbI B ByKkoBuncKom IIpugqHectposbe: noqHATut 
Ha 110 M B caMoM Hayavle YeTBepTHYHOrO NepHoya (OOpasoBanue ycryna 7-1 Tep 
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acbl); NoqHATHe Ha 125 M (OOpasoBanue ycryna 6-ii Teppacnl), pacnanaiouleeca 
a [Be CaMOCTOATEIbHbIC NOZBMXKKH (75 u 50 mM); noqHATHe NopsyKa 50—60 m 
Opa3s0BaHue ycTyma 5-H Teppacni). 

Pa3MaxX MECTHOFO MOXHATHA, BbIPasHBleroch B HapyWIeHHH ypoBHsA Teppac 
HecTpa, C HadaJia YeTBEPTHYHOFO MepHOsa u NOHbIHe CocTaBuAeT 335 M, U3 KOTO- 
bIX OKONO 300 M MpHXxO{NTCA Ha 90NMeHCTOMeH H NOUTH B JeCATb pas MeHB- 
€ — Ha OCTaJIbHOe Npowlemmee Bpema. 


VuctutyT reonorH WMoMesHbIX MCKOMaeMbIXx Tloctyn Hao 
AkajemuH HayK CCCP 8 I 1959 


IMTHPOBAHHAA JIMTEPATYPA 


ED: Bip KHKOBCKHH, Teonornueckax Kapta Yxpauup, K., 1933. 
YW. 0. Togmwmtedu, Tox, AH YCCP, 6 (1958). *§B.U. Kay mu u4, Ipo6n. npom. 
e(TeHOCH. HW rasoHocH. 3anaqH. o61. YCCP, 3, 1955. * Jl. JIyurepcrays3eun, JAH, 
9,4 (1938). ® H.W. Hukoaaes. Hoselitiaa textouuka CCCP, M., 1949. § WO. Ilo- 
(aucKkuit, Togxonbckue stiognl, JIbBos, 1929; A. T. 36eps3un, JAH, 108, 4 (1956). 
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Jlonxagmn Akaygemunu nayr CCCP 
1959. Tom 126, Ne 4 


TFEOMOCHA 


Yneu-Koppecnonzent AH CCCP B. H. CMMPHOB u T. A. POHUAPOBA 


O PYJHbIX PAJIbKAX B MOPOJAX KPOBJIM 
YPYNCKOFO MEJHO-KOJINEXAHHOrO MECTOPO)KAEHUA 
HA CEBEPHOM KABKA3E 


Ypymckoe MefHO-KOUeaHHOe MeCTOPOARMeHve pacMosaraeTcH B CeBepo- 
3ananHo uacra ITlepegoporo xpe6ra Bonpuioro KaBkasa, B BepXOBbAX 
p. Ypym —asesoro nmputoka p. Ky6ann. 

MecropoxyeHHe MpHypoueHO K OCaJO4HO-ByJIKAHOFeHHBIM OTJIOKCHHAM, 
IpeBpallleHHbIM MO WeHCTBHeEM PerHOHaJIbHOrO MeTaMOp@u3Ma B 3eJIeHOKaMeH- 
Hble MOposb. BeweqcTBHe CHJIbHOrO MeTaMOpdH3Ma NOpPO HW OTCYTCTBHA B HUX 
(bayHbI BOMpOC O FeOJIOrHYeCKOM BO3PaCcTe 3eJICHOKAMCHHOM TOM WO CHX MOp 
ocTaeTca JO KOHIla He BbIACHeHHbIM; MpeANOIOXKUTeEIbHO PYyNOBMeLLarollnn 
KOMIJI€CKC OTHOCHTCA K CpeMHEMy J€BOHY; BO3MO%KHO, OH Oovlee ApeBHHi. 

PyqHad 3aexKb MpelcTaBseHa COriacHbIM C BMelLatOUlMMH MOposamu M0- 
JIOTHM TJlacTOOOpa3HbIM TeJIOM MaCCHBHbIX Me€J{HO-KOJIYeaHHbIX PY, HMeIOLWHM 
pe3KHe YeTKHe KOHTAKTbI HW PpacCMOJIOKeHHbIM B OCHOBaHHH Ty@oB cpeHero 
cocTaBa, MOKOALMXCA Ha KBaplleBbIX aJIbOuTOpUpax. PyfHoe Teo npeTepneo 
BMeCTe C BMelalOlIMMH NOposaMH HHTeCHCHBHbIM MeTaMOpdH3M. 

KpapueBble aJIbOuTOPUPh! CilaraloT JlexKayHH OOK PyAHOFO Tesla; MOULHOCTb 
ux jocTturaeT 100—130 M, HO yMeHbllaeTcA K nepHdepuu fo 40 M. 

HagpyHble nopoybl BHCAYero OOKa OTHOCATCA K TydaM cpeyHero cocTaBa, 
XapaKTepH3yIOTCA HEOAHOPOAHbIM CTPOCHHEM MH pa3JIMYHOH BeJIMYHHOH OOJIOM- 
KOB. KpyMHOOOJIOMOUHBbI€ pa3HOCTH, OObINHO HeOOJIbLIOH MOLMLHOCTH, NOCTeMeHHO 
NepexOLAT B MeJIKOOOJIOMOUHEIe TYPbI, TYPPUTHI, NepecuanBaloulNecA C KPeM- 
HHCTBIMH WH QHJVJIMTOBUAHBIMH CJlaHiamMH. MoulHocTtb TypoB cpesHero cocTaBa 
HeNOCTOAHHAA, H3MeHAeTCA OT 300—380 MB WeHTpasIbHOM yuyacTKe Jo 450— 
500 M Ha BOCTOUHOM dbulaHTe MeCTOpOXKeEHHA. 

Byposbimu CKBaxXHHaMH B NOpoyax KpoBsIN B 65—90 M Bble pyAHOrO Tema, 
cpemu Ooslee KPyMHOOGOJIOMOUHEIX pasHocTel TydoB, OOHapy2KeHbI OOJIOMKH KOUI- 
yeMaHHbIX pyq. OTH OOJOMKH pacnOvlaraloTcA B BUJe OMMHOUHBIX peKO pas- 
OpocaHHBIX KYCKOB JIM PpyMNMpyloTcsH MO HECKOJbKO KYCOUKOB OOBIYHO pas- 
JMUHOFO pasMepa. Bonee KpynHble OOJIOMKH COMpoBoxkaloTcA MesKuMH. O6- 
JIOMKH HHOPa yrJlOBaTble, HENpaBHJIbHOM POpMH, Yallle OKPYIJIble JIMH3OBMHbIE 
Cc pe3KHMu rpaHuiamu. PacnoularaloTcd OHH COrslacHO c paccaHeBaHHeM # 
CJIOHCTOCTHIO BMelaiollux Nopoy. Cpequne pasMepbi OOiomKoB 1—2 cm; pesKc 
BCTpeualorcs Coulee KpyMHbIe OO0MKH — 2— 3cMB nonepeuHukKe Zo 4—6 cm nC 
JJIMHHOH ocH. 

Muxkpockonuyeckoe HCCeELOBaHHe MOKa3bIBaeT, YTO TpaHHIlbl OOMOMKOE 
pe3kve H JOBOJIbHO IIpaBHJIbHbIe 3a HCKJIIOUCHHEM MECT TepeceyeHHA MJIOCKO: 
cTeH CJlaHWepaToctH. Syecb HHOTa HaGJIOMaIoTCH HeSHAYHTEJIbHbIe 3aJIMBBI, 
3aTeCKH HM OY€Hb TOHKHE allouH304KH PYAHOFO BeMLeECTBA BAONb CaHWeBaTOCTH, 
BOSHHKIUHE B pe3yJIbTaTe COBM€CTHOrO MeTaMOp(cpH3Ma BMeLLalollux MOpon 
PYAHBIX OOsIOMKoB. J[abuIe BCerO’ OTKHMMAIOTCH JIETKO MOJBYXKHEIe, WwlacTuy: 
HbI€C MHHEpaJIbl, K KOTOPbIM OTHOCATCA XaJIbKONMPUT M OOpHHT. 

Ilo cocraBy oOO6OMKH pa3feAIOTCA Ha CePHO-KOJIUeaHHBIe, CJOXKeHHBI 
MIMPHTOM, WH M€QHO-KOJ4eaHHble, B KOTOPbIX KPOMe IMPHTa B HEOOJUIOM KO: 
JIMYECTBE IIPHCYTCTBYIOT XaJIbKONUPHT, OOPHHT uM ONeKaA pyfa. Muvepasorn: 
yeCKHM COCTaB OOJIOMKOB aOCOJNOTHO aHaJIOrH4eH ypyNCKHM pyaM. 
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|IMpHT ABJIACTCA TaBHbIM PYAHbIM MHHepasIOM, 3HaYNTeNbHO mpeobJlajaer 
| BCeMH APyrHMM MHHepasiaMu, cocTaBlad 20 90—95% o6bema OGJIOMKOB. 
Ha MMpuTa TO OveHb MeaKue (0,05—0,1 mm), To Gomee kpynupie (0,5—1,0 MM), 
h3yloT rpanHoOmacToBLIe HIM MOpdupoOsacroBEle arperatsi; HepeAKO HaGuIt0- 
CA HMOMOpPHBI€ KPHCTaJWIbI NHpuTa kKyOu4yecKoH copMbI. IIpu tpasue- 
B 3€pHaX MIMPUTa COBEPIICHHO HE BHIABJIAIOTCA 30HbI pocTa, a yCTaHaBJH- 
pea arperaTHOe CTPOeHHe HX HJM MOABJAIOTCA TOHKHE COJMKECHHDIC TPellHH- 
OPHEHTHPOBaHHbIe COracHO C pacciaHWeBaHHeM MOposEl. 
XaJIbKONMpHT B TeCHOH accoluMalMu c OopHHTOM u 6eKJOLi pydow uacto 
OllaraeTcH BOJIM3H rpaHHl OOMOMKOB, MHOra MpoHHKad Ha |1—2 mM m0 
WeBaTOCTH BMeUlaloulMX Opoy. YkKa3saHHble MUHepabl OOpa3syloT KCeHO- 
HbIC, H€NPaBHJIbHOM OpMbI BbieeHHA pasMepom fo 1,0 mm usiM pacmo- 
OTCA Me2Kly 3epHaMH WupuTa. B xabKoNMpUTe NpM TpaBeHHH BBIAB- 
TCA peWKue NpocTble ABOMHUKU. HaOstogaeTca TOHKOe mpopacraHne Oop- 
XaJIbKONMPHTOM C OOpasoBaHHeM rpacuyecKoli crpyKTypbl. Takum oOpa- 
, OTCYTCTBHE 30H pOCTa B 3ePpHaX NMPHTa, HCKINOUMTEILHaA YNCTOTa UX (He 
AHABJIMBaeTCA HHKAKUX MPHMeceH, BKJIOUeHHH), pasBuTHe TycTOH ceTu 
KUX COJIM2KCHHBIX TPelIMHOK, OPHCHTHPOBaHHbIX B 3epHaX MMpPHTa COrlacHo 
WCCJIAHIWeBaHHEM BMELLalOllHX NOPON, a TaKKE HaJIMUNe MpOCTbIX JBOHHHKOB 
JIbKONMPHTE HM Ppabuyeckux mpopacTaHul ero Cc OOPHUTOM CBHJETEIbCTBYIOT 
: 


auHTeJIbHOM Me€TaMOpu3Me HM MepeKpHcTaIM3alMu pPyHbIX OGJIOMKOB. 
pacnOJIOKeHHH 3epeH NMHPHTa BHYTPH OOJIOMKOB He yCTaHaBJIMBaeTCA HH- 
OM 3aKOHOMepHOCTH MOJOOHO KOHICHTPHYeCKOH 30HaJIbHOCTH MIM payu- 
ee acror Pa3MeLLeHHA, KOTOPbIe MOTH Obl CBHJETCJIbCTBOBaTb O MMHe- 
mi3allMu Ha MectTe. B cayuae OOpa3s0BaHHA MOOCOK, WenoueK NupuTa HaGJIo- 
rCA OTUCTIMBOe OOPbIBaHHe UX Y paw OOsoMKoB. KpynHble KPHCTaJJbl 
MTa cpesalorcA TpaHulaMu OOJIOMKOB. 

D6pasopanue pylbl, AaBwieli onucbiBaeMble OOOMKU, AO cbopmMupoBaHns 
AHOFeHHO-OOJIOMOUHHIX TOJIUL MOLTBEpKAaeTCA TaKxXKe OTCYTCTBHEM PYAHOM 
AIVICHHOCTH W THJpOTepMaJIbHbIX H3MeHeCHHH B MOposaX OKOJIO PYHbIX 
DMKOB. 

|Hammune Hapsay Cc OKaTaHHbIMH JIMH30BHHbIMA OOJIOMKaMH YIJIOBaTbIx 
KOB H OTCYTCTBHE JIMMOHUTOBOM KOPKH Ha HOBEPXHOCTH OOJIOMKOB CBUJeTeJIb- 
OT O ObICTPOM MepeHOce HX Ha CpaBHUTeIbHO HEOOVIbIIMe PpaccTOAHHA. 
PyIHble rasIbKH B palloHaxX KOJUeaHHOrO OpyJeCHeHNA M3BeCTHbI Ha Cpez- 
| Ypasie, Manom Kapxa3e 4 B 3akapKkasee. B. I]. JlormHospm (*), M. A. Kam- 
4B. H. Annespm (’), DP. C. Haonenugs3e (1) O6cTOATeIbHO ONHCaHbI PyHbIe 
PKH, OOHAPyXKeHHbI€e HMM B KOHTIOMepaTaX, HeCOriacHO MepeKpbIBalolllix 
OHOCHBIe OCaJOUHO-BYyJIKaHOreHHble TOM. YKa3aHHble TaJibKH HMCIOT MHOTO 
\aX YepT C ypyNCKHMM OOJIOMKaMH: BCe OHH HeOObIIOrO pasMepa, c1a60 
TaHbl, HMe€IOT COCTaB HM CTpPyKTYPHO-TeKCTYPHbIe MPH3HaKH, aHaJOrMUHbIe 
fBETCTBYIOWIUM PYJ{HbIM TeJIaM. 

Bce yNoMAHYTHIe BbIe HCCeEOBAaTeIM CUMTAaIOT, YTO PYAHbIe OOMOMKH H 
PKU, HaXOAUNeECA B MOpOMaX KPOBJIM KO/IYeLAHHDIX PYAHIX Te, CBUTe- 
PCTBYIOT O YaCTHYHOM pa3pYIIeHHM PYyHbIX salexKel BYNepHOA HaKoOMJIe- 
| Mopoq Bucayero 60Ka HU, TaKHM OOpa30M, COBEPLICHHO OlIMeHeJICHHO 
CHPpyIOT BpeMA OpyyeHeHHA. } 

AXOXKJCHHe PYJHBIX KYCKOB B OOJOMOUHO-TYPOreHHOM MaTepHase NOpoR 
BK YpyicKOrO MecTOpOKAeHHA TakxKe JOJLKHO MpPHHAMaTbCA B pacer 
TpakTOBKe BpeMeHH M yCOBHH ero OOpas0BaHH A. 


Iloctynuuo 


i ui MBepcHTer 
OCKOBCKHH TocyapcTBeHHbI YyHHBep 3 IT 1959 


um. M. B. JlomoHocoBa 


LMTHPOBAHHAS JIMTEPATYPA 


ar C. e , Matep. xo II7Bcecoio3H. merporpag. coBelllanHio. Visn. AH 
CP, eee 1958. mate a Kamxauh, B. H. Annes. V3s. AH Asep6CCP, 
(1957). 38. Tl. Jloraxos, Mss. AH CCCP, cep. reon., Ni 6 (1956). 
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Jloxxagn Arkagemuu nayr CCCP 
1959. Tom 126, Ne 1 


‘EOJOP! 


Usen-Koppecnonzent AH CCCP H. E. CTAPHK, M. IT. PABHY, 
A. A. KPbIJIOB u 0. H. CHJIMH 


OB ABCOJIKOTHOM BO3PACTE NOPOJ, BOCTOUHO-AHTAPK THYECK' 
MNJIAT®OPMbI 


Hacroallad craTbaA MOCBALLeHa paCCMOTPeHHIO TiepBbIX Pe3yJIbTaTOB ON 
JIQICHHA AOCOJNOTHOrO BO3pacTa MPeHMYLLeCTBeEHHO OKeMOpHiicKHX 10] 
Bocrounoli AutapKTugpl. Hamu ucnomb30BaHbl KOJWIeKWMH, COOpaHHbie CoB 
cKoli aHTapKTHYecKOH 9KcnequuHeH B 1956—1958 rr. Oru ucceqOBaHHA 
CHJIM PCKOFHOCUMPOBOUHBIN XapakTep WH OXBaTHJIM 3HaYHTeJIbHY!O YaCTb MIC 
pexpbsa Bocrounot AntapkrTugbl, mpoctupatoutyioca nouTH Ha 5000 xm (3 

Bea o6cieqoBpanHad TeppHTOpuA aABJAeTCA uacTbIO BoctouHo-AHTapKTH 
CKOH TaTPOpMbI, HMeIOWLeH TpeXbApyCHoe CTPOeHHe H BO MHOFOM aHaJIOrH4l 
APYIuM TOHABaHCKHM TviaTpopMaM. HuxHHuH CTPyYKTYPHbIM Apyc CuO*RKeH P 
HoOOpa3HbIMH THelicCaMH MH KPHCTaJJIMYeCKHMH CJlaHWaMH, Cpe KOTOF 
Be€CbMa PaCIpOCTpaHeHbl MHIMATHTbI U Tela TpaHHTOHAOB yJIbTpaMeTamopl 
yecKoro reHesHca. Boviee MOJOJbIMH ABJIAIOTCA peKHe HHTPy3HH CyOUleOUk 
OHOTHT-DOrOBOOOMaHKOBBbIX TpaHHTOHOB. 

CpeqHHu CTpyKTYPHbIM Apyc CMOKeH XJIOPHTO-3TIMAOTOBLIMH CJaHIaMr 
(PHJIJIMTaMH 3eJICEHOCaHWeBOH cballuH MeTaMOp@H3Ma, a Take B pa3HOH ¢ 
NeHH MeTaMOpdu30BaHHbIMH MecdaHHKaMH MW KOHTJIOMepaTaMH C TOpH30HT< 
H3BeCCTHAKOB HM H3BeECTKOBHCTHIX ClaHieB. Cpequ OTIOKeHHH STOTO Apyca, 
BHJMMOMY, BCTPeYalOTCA JIMWIb CYOWeIOUHbIE HHTPy3HH OMOTUT-poroBooOM 
KOBbIX TpaHHTOHOB. Hakonell, BepXHHH CTPYKTYPHbIH Apyc CMOMKeH KOF 
HeHTaJIbHbIMH, IIPCHMYLCCTBeEHHO TePPHreHHbIMA OCayKaMu Cc mpeoOmaqaH 
pa3sHooOpa3HbIX NeCYaHHKOB, a TakK2%Ke BYJIKaHOreHHbIX NMOpON, 3aJleraron 
IOUTH TOPH3OHTaIbHO Ha CKJIaqyaTOM OCHOBaHHH JByX HHKHUX APYCoB. 
OcaJOUHO-BYJIKaHOreHHad TOJUa, H3BeCTHaA NOX Ha3sBaHvemM cepHu Bur 
3aKJIIOUAeT OTJIOKEHHA OT TeEBOHA WO Tpuaca. Me3z030cKue OTJIOKeHHA B I 
Aeax BocrouHo-AHTapkTHyeckol maTpOpMbl moKa He OOHapyKeHb. Kak 
30HCKHE OTJIOXKCHHA TpeACTAaBJICHbI JIMWIb MOKPOBaMM OCHOBHBIX 9ppy3ul 
Cpe KOTOPbIX MpeoGsaawoT JIEHUHTOBbIe Oa3aJIbTHI. 

Ileppbie copoK onpefeneHu adcomorHoro Bospacta nopox Bocrog| 
AHTapKTHJbI, IPOHSBECHHbIe HAMM apFOHOBbIM MeTONOM, MOSBOJIAIOT yTOUE| 
reojlorHyeckne MpeycraBsleHHd O crpoeHuH AHTapKTHYeCKOH maTdopMbl. 
KOTOPbI€ Pe3YJIbTaTbl OKa3aJIMCb HeOKUJAHHbIMH, H HX TeoworMyeckaA HHy 
mpeTaluaA MpekcraBaer cepbesHble TpyfAHocTu (Tab. 1). 

Han6oulee Apesuul Bospact, 1020—1270 mau. mer, nomyyeH noKa Wa} 
pom oasucos Jlaurenecer, [pupcou, Baurepa u OOpyyepa, a HMeCHHO WIA rel] 
KpaTOBbIX TpaHHTOB HM MeFMaTHTOB, ABMAIOULUXCHA XKHJIbHbIM MaTepHaJIOM |) 
MaJIbHbIX MHTMATHTOB WIM OOpasyIOUMX CAMOCTOATEJIbHbIe IKUJBI, paccexkalo; 
rHelicbl. XapakrTepHO, 4TO aOcOJOTHBI BO3pacT cla60 MMrMaTH3upoBaHtl 
HavOolee paciipocTrpaHeHHbIX B oa3suce Baurepa u Apyrux pationax Kpuck 
JIMYECKOLO ILOKOIA TWaTpPOpMbl OMOTUT-rHNepCTeHOBbIX FHeHCOB TakKxKe KO} 
AeTCA B Mpewetax 940—1050 mun. ser. BMecte c TeM, B paye palionos, u B | 
6eHHOCTH B oa3Hce BaHrepa, HMeIOTCH TaK Ha3bIBaeMbIe MO/IMMHTMaTHTHI,, 
COJIOTHBIM BO3pacT KOTOPBIX cocTaBneT 700—730 muH. eT. Dro o3Hauaet,| 
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Ta6auna 1 


Mecto B3ATHA Npoot 


sine ke : 
Tema yee Basar 9700 0,8 20 
r. O6pyyesa T'a66po-yomepur 0,78 0,55 170 
Oo, CnyTHuKu Buorut-porosoo6mMankospiit rpa- , 
HUT Zao 3,62 305 
San. PeHHuKk BuoTuTopblit rpanur eT, 1,64 315 
Mupuiii, o. Crpow- ‘| )Kumpupit ampuOonospiit rpanur | 2,85 5 87 450 
Tenet 
MupxHpli, 0. Xa- UapHoKurt 4,44 OF 2 459 
cy3u 
Sas. OQUHCBOPT Topdupo6mactuyecknh rpanut 2,68 0,47 450 
KceHowHT “3 mopdupobmacruye- 
ckoro rpaHuta 4,56 3,19 450 
Kcenoaut u3 nopdbupo6acruuye- ; 
ckoro rpaHuta 3,63 eG 450 
* | O. Tetpuy Tlermatouqupmit rpaHurt 3,65 9,02 020 
Tlophupo6mactuueckut rpaHuT 4,76 oa 430 
Boss. Bumpcou DKuIbHbIA MyCKOBUTOBLIA rpanut| 4,00 8,36 460 
r. Bepra KBapu-abOutToBpad Kua 0,96 4,94 450 
Oasuc O6pyuesa AMJIMTOBUAHBIM rpaHuT 2,82 6,77 o15 
Oasuc Baxrepa Bay panakusu 3,79 14,5 760 
Uapuokurt 2,41 8,3 700 
Murmatut 0,99 3,6 730 
Murmaturt 4,46 16,20 730 
Murmaturt 3,42 11,6 700 
TJermatur 4,44 saat) 705 
'* | Oasuc Tpupcox UapHokurt 3,16 12,6 780 
San. Teupu UapHoKkut 3,13 10,06 660 
San. Teupu UapHokurt SA 13,2 720 
Oasuc O6pyuesa JleikorpaHuT 43 MurMaTuTa 2,14 12,64 1070 
“* | Oasuc Jlanrenecet JleikokpaTOBbId rpaHUT D,o4 31,6 1070 
i“ Termatut 202 Hon 1270 
'* | Oasuc Tpupcox JletkorpaHut 4,24 Zan 1020 
Ckanbt Asmb6oBa TlermaToufHbl rpanur 4,04 22,0 1020 
JleqHuK 3bIKOBa Cmogucrhla PuJIMT 3,89 7,14 410 
CmojucTblt MUKpocmaHel, 3,18 5,76 400 
r. Bepra Cmoyqucrbit put 4,18 9,60 500 
Mupupili, cKasa TlupokceH-nularvoks1a30Bbli CJla- 
MopenHaa Hel, (KCCHOJMT B YapHOKHTe) 1,09 My 7hi| 440 
TlupokceH-nlarvoKas0Bblit CJla- 
Hel, (KCCHOJHT B YapHOKUTe) 2,49 4,94 430 
Boss. Buapcox BuorvTospili rHelic 4 Baty? 445 
Buorurospllt rHelic 3,69 7,06 425 
3am. DuHCBOpT Buornrospla rHeHc 3,76 8,00 485 
BuoTuToBbli rHelc Pa 9,97 445 
r. Crpatkoua Buorvtospli cael, 4,44 24,9 925 
Oasuc Banrepa Bworut-MupoKceHOBbli rHelic 1,72 8,6 950 
Buorut-lHpoKceHOBbld THelc 5,42 Zed 940 


TIpumMeuauHne, Ono 3Be320uKOM OTMeYeHDI o6pasubt JI, B. Kaumosa, ABymMa — 
gubt JI. C. Comopbesa, tpema—o6pasubt II. C. Boponosa; o6pasun M. I, Papnua 


|) HHeKCa,. 


[eT BbIeATh [Ba 9Tala MUPMaTH3allMu: a) paHHHH, MpOM3OWIeAWMHK CBBILNE 
) MH. sleT Ha3aq, um 6) mMo3,HHM— CBBILUC 700 mau. mer. Takum oOpa- 


| MMrMaTH3allua WpeBuetmux Tom BocrouHo0k AHTapKTHIbI yKJlalbIBaeTca 
A B IIpelebl MpOTeposos. ; . 

CKJIOUCHHEM H3 MpeoGlaqaloulux] 3HaveHHH BOspacTa THEHCOB M KPHCTauI- 
PCKUX CJIaHWeB ABJIAeTCH Mauka PHeHCOB B paHOHe 3aJINBa OlincBopTa 
blueHHocTu Busibcou, rye culaOo MHrMaTH3HpOBaHHBIe OMOTHTOBbIe THEHCHI 
OT aOCOJOTHBI BO3pact B 425—485 MJIH. JleT, YTO MOUTH coBmaaeT C BO3- 
OM pa3BHTBIX B TeX %Ke palioHax nopupoOMacTH4eCKUX PpaHUTOB. Bo3mo- 
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XKHO, UTO BOSPaCT THEHCOB OOYCJIOBJIEH CHJIbHBIM KOHTAKTOBO-M€TaCOMaTH Tec 
BOSJCHCTBHEM YKa3aHHbIX BbILe TpaHATOUJOB. 

Bospact 3e1€HbIX CJIaHIeB H CJIOMCTHIX (PMJWIMTOB, NPeCHMYylleCTBeHHO Cd 
PalouluX CpeqHUli CTpyKTYpHBIA apyc Bocrouno-AnTapkTMyeckon mwlaTPopM 
KoNeOleTca B upesemax 400—500 mun. eT, UTO OTBEYACT CHHHIO M HH3aM KE 
Opa u CorviacyeTca Cc TeOOrMYeCKHM MOJOXeHHEM STOM PopMallun. IIpumep 
TakOli xe aOCOMIOTHBIH Bo3pact (430—525 muiH. eT) UMeIoT MOpdupoouacTHt 
CKHe IpaHMTbI, OOMKa pamakHBH, BCTpeveHHbIe B palione 3aJIMBa OlWHCBOP 
Ha CaMOM BOCTOKe OG6cleqOBaHHOrO paliona u Ha oO. JlelBuya, BOMM3H 0a3H 
Banrepa. 

CaMbIMH MOJOJbIMH PpaHHTOHaMU ABJIAIOTCA CYOUeOUHbIe OHOTHT-porok 
OOMaHKOBbIC pasHOBHAHOCTH, aOcOJIOTHbI BOspacT KOTOPBIX cocTaBuAeT 305 
315 MIAH. eT, B CBA3H C UCM HX MOXKHO CYMTATb KaJleMOHCKMMH. 

JloBombHO XOpOulO coriacyeTca C reOJOrHYeCKHM MOIOXKeHHEM aOCOJIOTHI 
Bo3spact ra0Opo-fosepuTa U3 MaCTOBOM HHTpy3HH Cpe OTJOXKeHHH cep 
Bukou, paBHo 170 Mau. sleT (HHKHHH Tpnac). To xe CaMOe MOKHO CKa3e 
O TPeTHUHOM JI€HUHTOBOM Oa3aibTe c r. Taycc, BospacrT KOTOporo MmpHMep 
paBeH 20 MJIH. Jer. 

B wesomM onpesedweHuA aOcomoTHoro BO3pacTa TOpHbIX mopox Bocrouk 
AHTapKTHYeCKOH MIaTOpMbI MOATBepxAaloT Hawle MpeqNOMOReHHe O TPeX 
Ap yCHOM ee cTpoeHuH. Bmecte c TeM, MO JAHHbIM aOcCOJIIOTHOLO BO3pacta, KPHCTEé 
JM¥YeCKHH (pyHaMeHT MaTPOPMbl MOXKHO CUHTATb MpOTepOSOHCKUM. 

Bce mpvHBeeHHble BbIIle CooOpaxkeHHA, KaK H CaMH 3Ha4YeHHA aOcoOJOTHC 
BOspacTa, CulelyeT CUHTATb MpesBapuTebHEIMU. Mb mpou3BosHwIn ompeyeser 
BO3paCTa TOJIbKO aprOHOBbIM MeTOAOM 0 Mopore. 

Jia pacueta HcMomb30Baslacb cTapaad KoHcTaHTa 9. K. Tepauura dp, 
= 6,02-10°" rox +, mpumMeHsemaxn y Hac B CoBerckom Corse. 

BepoaTHOo, MpHBeeHHbIe HAMH 3HaYeCHHA BO3PaCcTa HECKOJIbKO 3aHH2KeH 
Msyuenne Bospacta MeTaMopdu4ecKHX KOMMJICKCOB BCerga 3aTpyAHeHO 
JIOKEHHBIMH MpoleccamMH. OWHaKO NOWyYeHHe YCTOHYHBEIX 3HaYeCHHH JA 2} 
TaMOpPpHYeCKHX NOpO Ha OOMMMpHOK TeppuTOpHH (*) MOsBOJAeT MpeAnoMara’ 
YTO OOLMH NOPAOK BeIHYHH OMpeeJICHHbIX BO3PaCTOB 9THX NOPOR, BepOATI 
OM30K K HCTHHHOMY. | 


7.75 


PalMespli uuctutyT um. B. T. Xaomuna Tloctynuso 
Akayemuu HayK CCCP 19 I 19594 


Hayuno-ncceqopaTebcKHit MHCTHTYT 
reomorMH ApKTHKH 


UHMTHPOBAHHAS' JIATEPATYPA 


ly], 0. Kaoumos, J. C. Conospses, Bwan. Auta i 
: é ; 4 pKTHYeCKOH SkcnequuHH, N 

(1958). 7M. YT. Pasuy, Il. C. Boponos, Coserckaa reonorus, Na 2 a3 
A. A. Kppaos, tO. HW. Cunun, JAH, 122, 889 (1958). : 
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[rEOJOVH A 


J. 1% XPAHMHA 


TPANNbI JWVGOEPEHILMPOBAHHbIX HHTPY3HA 
HA p. BAXTE WM B HH30BbAX NMOAKAMEHHOM TYHTYCKH 
(SANAMHAS YACTb CHBMPCKOM MJIAT®OPMbI) 


(ITpedcmaeneno axademuxom J, C. Kopxcuncxum 18 I 1959) 


| ABrop HacTosIleH cTaTbH HECKOJbKO JIeT yyaCTBOBaJ B reOJOrHuecKHX pa- 
pTaX B paHOHe BepXHero MH cpeqHero TeyeHua Baxrbl w Hus0Bui TloqKaMeHHoli 
| ae HM UMe€JI BOSMOMKHOCTh HaOJIOLaTb HEKOTOPbIe MPHMepbl NpOABeHNA 
(ddepenwMalun, MpeAcTaBJAIOWIMe USBeECTHBIM MHTepec. 

Palio pacnouloxwKeH B 30HE TIYOMHHbIX pa3JIOMOB, OKalMJIAIOWMX C 3anaya 
HTYCCKY!O CHHeKJIH3y, HW OTMHYAeTCA OCOOCHHO MHTCHCHBHbIM pa3BHTHeM 
as HapylweHHH WM pasHooOpasHbIX TpamnmoBbIX MATPy3uH. 

Ilo cpaByenuto ¢ OOUeH CX€MOH Ppa3BHTHA TpamnoBoro wHkJa (°), B palione 
axTbl —IloqkamenHo Tyuryckw MMeloTCA BapHalluu B XapakTepe mposBue- 
HA OTCIbHBIX ero a3 (Tab. 1). Tpannb JoTydoBok asp 3yecb He yCTaHOB- 
bubl. TydoBpad HW HATPY3HBHaA (a3sbl MPOABJICHbI CpaBHHTeJIbHO ca60, TYdEI 
IBHe CIVJIONIHOO TOPH3OHTAa MOABJIAIOTCA JIMWIb K CeBepo-BOcTOKy oT p. BaxtThi. 
@BOBaA TOMA OTCYTCTBYET, H ONpeACJIMTb TOUHO €€ aHaJIOIM 3aTPYAHUTEIbHO, 
| Tlocnenapopaax uHTpy3uBHaa ca3a UCKIOUNTeNbHO pasBuTa. OnncaHnto 
| ae STOH da3bl M MOCBALeHa B OCHOBHOM HacTosulaa crarba. Mutpy- 
id nosqHel (mocsie 7) cbasbl OUeHB pegKu. 

| Tlocenapopaa dasa pasfemaetca Ha Ape nompasn. Ileppax — nogdasa 
bauddepeHiMpOBaHHBIX UHTpysui (°) — mpexctaBleHa MpeuMyllecTBeHHO 
IvlaMH TpamnmoB aHrapcKoro Tua, Cosep*Kalllux KBapll H MAKPONerMaTHT 
B. C. Co6ones), mouTH HemuddepeHMpoBaHHbIX HM CaOO BOseHCTBYIONINx 
BMeLalollve MOpOsBEl. 

| Tlogasa auddepenuupoBaHHbIxX HHTPy3HH, BOOOULe TOBOPA, OTHOCHTEIbHO 
JKUX cpequ TpannoB CuOupy, B HalieM paHOHe IpoABeHa HHTCHCHBHO H 
CbMa HepaBHOMepHo. B psye MYHKTOB JOCTaTOUHO YeTKO BHIABJIACTCA MPH- 
OUCHHOCTh TpanMOB 2STOH nosasbl K yYacTKaM C OCOOCHHO HHTCHCHBHBIM 
3BHTHEM pa3PbIBHbIX HapylleHuit (30HaM MIM yYaCTKaM ApoOJieHUA), BbINe- 
HHBbIM BuepBbe H. B. J[penoppim. YuactKu ApoOeHuA TATOTeIOT K rpaHulaM 
YNHbIX TeCKTOHHYCCKHX CTPYKTYP. 

Paiion HuxkuHero TeyveHua TlogKamenHot Tyxrycku u p. Kox“gpomo mpez- 
aBJIACT OHH H3 XapaKTepHbIX y¥aCTKOB A poOJeHHA, C MHOTOUMCJICHHBIMH 
3PbIBHBIMH HapYyIWIeHHAMH Pa3/IMUHOM AVIMHbI WH NpOCTHPaHUA, YaCTO 3allOul- 
HHbIMM TpamnoBow MarMoH. i 
Cexyume MHTpy3Hu cOxKeHI Oombuel yacTbIo Hoeputamu. B ysnax ne- 
CeCueCHHA JaeK, B OTICIbHBIX Jalikax MOUHOCTHIO 10 300 M WIM B Bue NacTo- 
IX HHTPy3Hii HaGwlogaioTcA MarHeTHTOBbIe TaOOpoO-AO/IepuT!, KOTOPbIe AB- 
IOTCA GOolee MO3THHMH HM YaCTO COMPOBORMaloTCA MeTaCOMATHYCCKHMH Mar- 
TUTOBLIMH 3aJlexKaMH y KOHTaKTOB. Kpome TOPO, 34eCb BCTPeyeHb! CeKYyUIMe 
Jla TPOKTOJIMTOBBIX JOJEPHTOB, JIeMKOKPaTOBbIX OMePHTOB, HOBOJIbHO cBoe06- 
i oe J@HKOKpaTOBOrO MarHeTHTOBOrO AOepHT-MerMaTuTa C MarHeTHTO- 
IMK NpOXKHJIKaMH MW MMPOKCeCHOBBIC rpaHodupbl B BUC UWIMpOB H KJ B JO- 
spuTax. 
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Cxema pa3BHTHa Tpannosoro wuKAa Aaa GOaccelina p. baxtbl u HH30BHA Toxcawcradl 
Tyurycku % 


MS eee 


TuyqpotepMa sb 
Tunuuyuple opMbl PacnpoctpaHe- cae 
© II TunuuHble nopogpl JCATCJIbHOCTB, 
Onoxa 2Sbt ondaset MposABseHuA pow Hue shah 


ee el eS nn | Se 


Tlocne | V— Toukue Jaiku, Tlonepute, one-| PeaKu Konto 
T,(?) no37- CHJIVJIbI PUTOBbIe Nopmupu- U3MeCHEHHA CJla' 
HAA TbI 
pe EN 8 ee ee 
T; IV — Tudbde- Iimacroo6pas3- JloneputTl, Tpo- MspectHbl B KouTakTOBHIe | 
mlocme- | penuupo- | HEIe, RafikooOpa3- | KTOMUTOBbIe HM Mar-| Pa3JIMUHbIX Ya-| MCHCHHA UHTEHC! 
w1aBO- BaHHble HH-| Hbie, KObUeBbIe, | HETHTOBbIe WONe- | CTAX patioHa HbI. CKapHbl, Ma 
Baa HH-| Tpy3uu lwTOKOOOpasuHble puTbl, sefKoRoue- HeTHTOBbIle H MOJ 
TPY3UB- HHTpy3uu PuTbI, rpaHodupyE, MeTaJINHUeCKHE | 
Has cba- TeEWeHHTHI H Ap. Abi 
3a Tydopbie HEKKH Tyoor Tydospie HeKK 
?) HHOrya CKapHup 
BaHbl UH COMNPOBC 
atoTrca MarHeTH 
BbIM OpyeHeHHE 
Henudb- Ilmacropple HHT- JlonepuTsr c IlopcemecrHo}| KoutTakTOBple | 
cdepenun- | py3HH, pexe — KBapllem (Tpannsl | Za pationa Ba-| MeHenua ca6bl 
poBaHHble | Raiku aHrapcKoro TuMa) | xTbI—TlozKa- 
MHTpy3uu MeHHOM Tyury- 
CKH 
LUE Tydorennaa Ton-| Typ, RoneputTy!] Cnsomnoe KouTaKTOBHIe 1 
III — ula, Wwacropbie H pacmpoctpaue- | MeHe€HHA y HHTD’ 
Tyo- cekyllue MHTpy- Hue K ceBepo- | 3H cma6bl 
Baw H 3HH BOCTOKy OT 
1aBo- BepxoBul Bax- 
Baa cba- THI 
3bI PasMbiB 
I— IIlpocaou Typos, Typ, Zonepu- Oueub pegzku| B patone He 
Pe Tyo- HHTpy3uu THI ycTaHoBseHa 
Baw HH- 
TPY3HB- 
Has cpa- 


Jlomepurbt WaeK NOOOHEI aHrapcKHM TpanmaM pyrux yacTelt palon 
TpOKTOJIMTOBbIe JOJIEPHThI, B OTIMYHE OT TPOKTOMMTOB CHJIOB, COkepxKaT por 
By!0 OOMaHKy, HHOrja —OnoTHT MH MuKponermaTuT. MarHeruTosble ra66p 
HONepuTbl cosepxkat Wo 20—30% TuTaHo-MarHeTuTa, KOTOPbIM BbIqenser 
HauMHad C CaMbIX PaHHUX CTaquH KPHCTaJMM3alHu AO THAPOTepMasbHOM CT 
JM, MpecTaBJIeHHOH MpoOxW/IKaMM MarHeTHTa HM MeTaCOMaTHY¥eCKMMH 3aJI 
»%KaMH Y KOHTAKTOB. 

JleHkoKpaToBble JOMepuTE! MpeAcTaBsAOT coOol MOpomEl c SOoubUIMM K 
JIMYECTBOM IljlarHOoKIa3a HW MAKpONerMaTHTOBOrO MesocTasHca. [lupoKcen uHOr, 
OKaHMJIAeTCA STHPHH-\MOMNCHAOM. Dru MoOposbl GIM3KH K KBaPIeBbIM WeNOUHE 
rad6po AnamjoKaxckol unTpysun (‘). 

IIlupoxcenospie rpaHopupbl cocrosT 43 mpeoOmayatoulero MuKpomermaTuT 
W1arMOKa3a. KPyYMHbIX WFOMbYaTbIX KPHCTaIOB aMpvOomM3upoBaHHoro 
pokceHa, OMOTHTa MH pexKUX 3epeH pyAHOrO MuHepana. [lo coctaBy u crpyKTy 
OHM aHaJIOPM4Hbl NPHKPOBJeBbIM THOPHAHbIM FpaHopupaM HeKOTOPHIX nactT 
oOpa3HbIX MHTpysui (*) HM OKa3bIBaIOTCA MHOFa HeCKOMbKO TMepecwilleHHEl 
PIM HO3eMOM. 

Pa MOpoy: OMBUHOBbIE OMepHTh! — MaTrHeTHTOBBIe ra00po-Jomepu 
(Tum tbeppora66po) — meHKoKpaToBble omepuTH! — nMupoKceHoBEle rpaHownuy 
MOXKET ObITb COMOCTaBJeH C PAOM TOpHsOHTOB AudepeHuNpoBaHHEIX M12 
TOOOPaSHEIX HHTPy3HH, u3BecTHbIX B CuOupu u Tpennangquu u paccJIOe@HHI 
Mp KPHCTaJIN3alMOHHON Audpepenuuanuu. Iloapmenue nogxobuHoro paza Ma 
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ONPOBOAAalOWMMU UX TUPOTepMaJIbHLIMM OOpas0BaHu AM (MarHeTHT) CBH~ 
T@IbCTBY€T O TOM, YTO B palone KouApomo ua rtyOune cymlecrBoBavio Mar- 
MYCCKOe TeNO, NOABepraBlieecA KPUCTaJMH3alNOHHO! Auddepentvawnn, 
mak paloHa Kouypomo sBusiorcs ero anousamn. Huddbepentuauna B 
are MPHBOAMT K CHJIBHOMy OOorallleHHIO NO3sqHUX O6pas0BaHuli KeNesoM, 
pH STOM MOpOAb! OCTaIOTCA HaCbIICHHbIMM KPeMHEKUCIOTON. 

Mer BIOMHE OTZaeM ceOe OTUET B TOM, YTO CooTHOIMeHUA, BepOATHO, Oovee 
DKHDI, H IWIYTOHHYCCKHe Te/la MarMbI B paliOHe MOTH BO3HUKaTb HeOJHO- 
ATHO, HO MpaBHJIbHOCT Hallie CXeMbI [WIA JaHHOrO KOMMNeKCa MOPOL Moye 
Pp2kqaeTca TeOJIOrH4YeCKHMH, NeTporpadwyeckuMH uw mMeTPOXHMHYeCKMMM 
HBbIMH. 1s ; 

| Hexoropbie npumepbi AudepenuMpoBaHHbIxX NHTPy3uii HaOsOManuch Hamu 
jawoHe cpefHero TeyeHHn p. Baxter. Kak noKkasanH cbemouHBie padortnt, 
Cb, KaK H Ha KOHJPOMO, MMCIOTCA MHOFOUMCJICHHEIC paspHIBbl. OfHaKo Hapy- 
HMA OTHOCHTEIbHO PeAKO 3anOJIHeCHLI JalikamMu, H uallle OHH Ha MeCTHOCTH 
paxkaiorca Kak JIMH€HHO BbITAHYTbIC 3OHbI H3MCHCHHbIX OCANOUHBIX OPO. 
‘Cexyuive uutpysuu Ha Baxte Oombmet uacrbto cloxKeHDI LOMepuTaMH Moli- 
MOPUTOBOH, pexke MerMaTonAHOH cTpyKTypbl. Kpome unTpysHBHbIxX nopog, 
PCb HaOJO(alOTCA HM2KHETPHAaCOBbIe OCHOBHIe Ty(bl, OOpasyloue pA u30- 
|(PHUHEIX y4uacTKoB oT 80 M Jo 2 KM B NomepeyHuke UM OKPyXXeHHbIe NOPOMaMu 
s0Ha uM MepMu. B Hekoropbix calyyaax (KomfaibcKoe u CypHurgakoncKoe 
“HETHTOBbIC ME€CTOPOXKTeCHHA) TOPHbIMH paOOTaMH WOKa3aHO, YTO TydbI 9TH 
IOJIHAIOT BYJIKAHHYCCKHE HEKKH. 

Typ! mpoOHH3aHbl MHOFOUHCJICHHLIMA BeTBALWMMHCA JalkaMH JlO/lepuTOB 
HTOKOOOPa3HbIMH HHTPy3HAMM CYOMI[CIOUHEIX MOPOA, COMPOBOKMAaeMbIX HH- 
HCHBHOH MHHepaH3alluei, B YaCTHOCTH MarHeTHTOBOH. MarHeruT JaeT HHO- 
h KpynHble ckonmieHua (HalpuMep, MecTopoxyeHue CypHHryaKoH, riaBHad 
a KOTOPOrO HMeeT MOLHOCTh 30—40 Mm Tipu AwHHe OKOO 2 KM). 
|CyOuleouHbie HHTpPy3HH, 3aleratoulNe B Tydbax, NOLpOOHO onuCcaHEI HaMu 
Mpyroh paOote (1°), uTo Mo3sBosIseT HE OCTAaHaBJMBaTbCA Ha UX XapakTepH- 
ike. OTMeTHM JIMIIb, YTO OHH HMEIOT MHOFHe MpH3HaKM FHOpHAHEIX MOpo. 
PCb YCTAHOBJICHbI BHEPUBIUIHECA [pyr 3a ApyromM OesouMBHHOBIe JOepHTHI, 
RJIbILMMOBbIe JOJIEPHTbI, TeLICHHTbI HM Ma@lrHeTHTOBBIE L[eJIOUHbIe JOJePHTHI, 
Pople COCTaBIAIOT PA MOPON C pacTYULMM CofepxanHeM w%eNesa HU HAaTPHA UM 
PTeNCHHBIM o6eqHeHnem SiO, uv MgO. Campi no3qHH wWieH pxya — MarHe- 
OBbIt WLeNOUHOH ouepuT — cozepxKUT 23% oKHcOB xese3sa, 7% Na,O 
4 0,09% K.O) u 44,90% SiO,. Tlospmenue ruyqpoTepMaJIbHbIX MarHeTHTOBbIX 
fl, CBASAHHbIX Cc CYOULeEIOUHbIMU LHdPepeHuUMaTaMU, NOKAasbIBaeT, YTO KeNE3O 
KalluIMBaeTCA He TObKO B MarMaTHUeCKyi0, HO H B FHAPOTepMaJIbHYIO CTAaMUIO. 
|Taxum oOpa3om, B pa3JIMYHbIX YaCTAX OMMCbIBaeMOrO PalOHa yCTaHaBJIM- 
PTCA HECKOJIbKO pa3HbIH xo Mudiepenunalluv: B HH3OBbAX P. KoHapomo 
IIpHBOLMT K 2KeJIe3HCTBIM MOPOAaM, HaCbILeHHbIM KpeMHeKucaoTOH. B Oac- 
iHe p. Baxtpr no3qHve Auddepenuathl — UkeOUHBIE MOPOAbl, ooorallen- 
@ 2KeIe30M, HO Pe3KO HEMOCHIILeHHbIe KpemHeKucuoTOH. B palione p. Croa- 
30H — KouymyeKa, NO JaHHbIM FeOJOro-CbeMOUHBIX pa6oT, MpoucxoyHT JO- 
IbHO yMepeHHoe oOoralleHve nosqHux AudpepenuMmatoB %*KeNC3OM, 3aTO 
fibHoe oGoralleHue KpemHeKucuioToH (n0 67% SiOz). 

V3. u3102KeHHOTFO BBILIe BUHO, YTO pasvIMUNA COCTaBa MOTYT ObITb OOycsOBe- 
cBoeoOpasnem uddepeHunaluu JIOKaJIbHbIX MarMaTHYC€CKUX Ted (uM 
ros). Hamu BbieleHbl! KOMMeKchl AudpepeniMaToB, COOTBETCTBYIOUIMe 
DEJICHHBIM O¥araM (palion Koxuzpomo — IloqkamMeHHOH, paHOH Pp. BaxtTbl, 
oH p. Crom6oBol — KouymyeKa). BospacTHble B3aHMOOTHOUICHHA STUX 
MVI€KCOB B HacTosuee BpeMsa HescHBI. IlockoulbKy C THAPOTEPMaJI bHBIMM mud- 
CHIIMaTaMH 3THX OUAarOB CBA3AHbI MarHeTHTOBbIC MeCTOPOK CHA, o6Ha- 
eHve ABMeHHH QuddepeniManun Mo_oOHOrO pola UMeCT HE TOKO TEO- 
huueckoe, HO HM MpakTHyeckoe 3HadeHHe. 
Ecau paccMaTpHBaTb TOJIbKO MeCTOpOXKAeCHHA Anrapo-Maumcxoro Tuna, 
ISaHHbIe CO CKapHonyamu (B palone BaxtTbl K HUM OTHOCATCA OTKDPBITbIe oe 


TOPOM MecTopoxKjeHua Komga u CypHurgakoH), TO AIA HUX OTMeNaeTCA Cit 
myroulee: 1) rpymmb! MecropoxkLeHu pacmosoxKeHbl Ha CTbIKAX KPyMHBbIX CTP] 
typ (1), HO B TO Xe BpeMA HUe HeT MOKAZaTCbCTB CBASH OTACJIbHBIX MECT 
poxkweHHii C KOHKpeTHbIMH TlyOMHHDIMA pasioMaMM; 2) Hurye He OOHap yKI 
BaeTCA PeHCTHUCCKaA CBA3b MeCTOPOXKACHHH C BbIXOAAULMMH B PaHOHe HHTP) 
3HAMH OOBIMHBIX TpanmoB; 3) 30HbI CKapHOMAOB H CBASAHHOC C HUMH MaTrHeTi 
TOBO OPyeHeHHe, KaK MpaBMJlo, MpHypoyeHbI K TyPOBbIM HeKKaM (mecr 
poxgenus Anrapo-Maumckoro paliona, Koma u CypuurqakoH B OacceHt 
Baxtnl, yp. Kpasaaxu, Ha Tloqkamenuow TyurycKe (°), pag ToueK B Oa 
celiue Bustos); 4) unorga K TyPOBbIM HeKKaM MpHypOueHbl HHTpysHu Cyt 
ULeOUHbIX TpallmOB; TaKOBbI, HallpHMep, TeWIeHHTHI Tr. Tyou-Xaa Ha p. or 
B Oacceiine Bustos, uHTpy3uu paliona cpeqHero TeyeHua p. Baxi (cM. BbIUe 

Kak yxke ropopuuoch, B Oacceline p. BaxTbl BUAHO, 4TO cyOlUevIOUHB 
Tpalllbl H MarHeTHTOBOe OPyAeHeHHe MMEIOT OOM MCTOUHMK, T. €. ABMAIOTC 
Mpokyktamu jucbepenuuaiun OfnHoro MarMaTu4yecKoro Ouara. OOULHOCTb Mal 
MaTH¥eCKOrO HCTOUHHKA PYM HW CYOUeEIOUHDIX MOpOA c TydaMu BMelartoulM 
He€KKOB B HacToslilee BpeMA He JOKa3aHa, HO CTOJb yCTOHYMBaA accouMaly 
BPA JIM MO*KeT ObITb CyYaHHOH. 

Mecropoxyzenua paiiona p. BaxTst anasorMunbl Mecropoxgenuam Anrape 
VWnamckoro paiiona. Caa3b TeX HU Apyrux c TpannoBol dopMalMeh, CXOCTB 
MX CTPYKTYPHOH MO3HIMH, COCTaBa MH CTPOCHHA NMO3ZBOJAIOT MpeAnONarati 
4TO OHH GOuIM3KH M M0 reHesucy, T. €. MOABMeHHE HX OOYCMOBMEHO TIyOHHHO 
Audbepentuawuell MOKabHbIX MarMaTHuecKHX Te (JaBweli Ha Baxte cyOmK 
JIOUHbIE MOPOb!). 

PesioMMpya, MOXKHO CKa3aTb, YTO B Mpesenax CuOupcKo TpannoBon o61act 
K HaCTOAIeMy Bpe€MeHH W3BeCTeH pA runaOuccaJbHbIX AudpepeHWy pOBaHHBI 
uuTpy3uH (4, °) u gap.). I[poucxowxgenne onMcaHHbIxX BBIUe CepHh MOpo 
B Pa3JIMYHbIX y4acTKax paltioua Baxtp1 —IlogykamenHow TynrycKu «MOE 
ObITh CBA3AHO C ABJIEHHAMU AudpepeHMaluu TpannmoBoh MarMbl, MpOMCXOMME 
IWHMH Ha Ooulee rlyOoKHX ypOBHAX» (*) HM aBWIMMM He TOJIbKO pasHooOpa: 
HOrO COCTaBa Ce€KYLIHe HHTPY3HH, HO H CBA3aHHbIe C HAMH 2KeeSHbIe Py. 

IlonoxkeHve rpynn 2Xees0pyAHBIX MeCTOPOKAeHHH Ha CTHIKAX KPYMHBI 
CTpyKTYp OOYCJIOBJIEHO, OYCBHAHO, OOpa3s0BaHHeM MarMaTH¥eCKHX KaMep MOOJII 
3OCTH OT IVIYOMHHBIX pa3JIOMOB (BJOJIb CJIOMCTOCTH HIM MexCpOpMallHo! 
HBIX MOBEPXHOCTeH TOM, OCaMOUHOrO YexXJa MAaTPOPMbI, a TAKKE BAOMb Cet 
CYPHBIX MOBepXHOCTeH CKaJIbIBAHHA — CKOJIbKCHHUA KPHCTalMHYeCKOrO yt 
Hameuta (§)). 

TakuM OOpa30M, MpH4uHHOH MOABJeCHHA YHUKaJIbHOM xKeMesopyqHOH mpé 
BHHWMH CuOupu saBsinetca QudbepeHiiMalua KPyNHbIX Macc TpannoBow MarM! 
Ha ruiyOuue. IIpuunupl cpoeoOpasua HampaBseHua Audpepentuallun mpeycror 
elle BbIACHHTb. : 


MucruryT reonoruu: pyqubrx mectopoxsjenuii, Tlocrynns10 7 
meTporpauun, MHHepasioruu H reoxXHMHH 6 XII 1958 
Akaylemun Hayx CCCP 
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MHHEPAJIOVHA 


X. C. MAMEJIOB, P. ©. KJIEBILOBA u akanemux H. B. BEJIOB 


O KPHCTAJIJIM4ECKOM CTPYKTYPE PHPATA 
TPEXKAJIbILMEBOrO CHJIMKATA | 
SH = 6Ca0-2Si0,-3H,0 = Cag [Si:0,] (OH).—=Ca, [Si,0,](OH), -2Ca(OH), 


Pacuim@popka (+) cTpykTypbl kKycuuyuHa Caal[SizO7](F,OH)2 Henocper 
€HHO BCe 3a CTpyKTypou (*) THAmeuta Cas [Si207](COs)2=CaalSizO7]COs- 
COs oKa3aslacb CyUeCTBeHHBIM IIpeqBapuTeIbHbIM WaroM K pacwudposKe 
r Ca-cuJIMKaTOB HW mpexye Bcero BOJNAacTOHUTa HM KCOHOTAUTA (@)3 
|B xkycnuyquHe u THANeHTe BrepBHe OTUeT- 

kO IIpOABHJIacb OCHOBHad OCcO6eHHOCTD b 

CHJIHMKaTOB MO CpaBHeHHIO CO 3Hay¥HTesb- | i = 
PpaHee H3yY4eHHEIMH (B CTpyKTYPHOM oT- IWAN WANE, 
eHuH) Mg(Fe), Al-cumuKatamu: Ty pou, ANY Md Zn 
opyio B MocieqHHX Urpalor Terpasyppl 
a], B Ca-cuauKaTaxX urpaloT MopTo- 


mmmbt [SizO7]. [Ipuunupt uucro reomerpuye- ee 

e. Pe6pa [SiOu]-rerpasqpos (2,7—2,8 A) WO ALYY)” 
i3MepuMpbl c peOpamu Mg, Fe, Al-oxraaz- AY WC\NAV OY, 
B, HO H€ COH3MepHMbI c peOpamu Ca-oKTaaJ- 

(3,6—3,7 A). C mocneqHuMu cou3MepHMbI = zs 

oTbl Auoptorpynn [SizO7], u stro enaer INKUIN’ YUL 
TH OOAZATEbHIM BXOXKCHHE MOCeELHAX B YOK V/s 
CHJIMKaTbI IHO0 OMMHOUKAaMH, J1M60 (YeETKO BEI- oo hag A 3 
IMIOWIUMUCA) SBEHbAMM B Oowlee CJIOKHBIX AYRE 
SMHEKHCJIOPOMHBIX paluKalax (BOJJIAaCTOHHT, yy AN 

WAY 


HOTJIMT, anlOpHJIJIMT, MOJIeBbIC LWIMaTbl). 
Hekotopaa Heyksroxectb rpynn [Si207], 
WuHe B HAX JIMIMb OMHOFO HampaBseHHA C 
a3aHHbIM pa3sMepom 3,7° A (BbicoTa rpymmbl) Puc. 1. Crpyxtypa kycnujuna 
€CTBEHHO OFpaHHYNBaloT pasHooOpasHe MO- Suey ey taeeeley* - mee 
OB, BcocTaBe KoTOpbIx rpynna [Si2zO,] nosB- Hhopuyaohicacormensann ae sane 
etc B Ca-cumuKatTax. Tak, B OOomx Ca-CH-  yaer xycnugun; 2 — mpocreimuii 
KaTax, (bury pup yroulnx B TM€pBbIX CTPOKaX BapHaHT KYCHHJMHOBOW CTpyKTy- 
of CTaTbH, XapaKkTepHO BBICTyMaeT B POH pil, 3 — peaJIbHbii BapMaHT 
Hepaylormyeckoro payuKalla «THJIJIeHTOBaA : 
HTa». B mpoekuuu (puc. 1, /) Mbl BAUM, YTO ee NOBTOPAIOULMHCA HHKPE- 
HT, BOJIHY, COCTaBJIAIOT yeTbIpe Ca-OKTadfpa HW Ba Si-Terpaaypa. Kax- 
ft Ca-oxtasip sBasaerca wa puc. 1, / TOpiOM OeCKOHeYHOH KOJOHKH 
Ca-oKTa3poB, MOCTaBJICHHbIX Ha pedpa, KOTOPbIMM Ca-oKTa9 {ppl 
SMHAIOTCA MexKIly coOoH cBepxXy H CHM3y. Uro kacaetca Si-TeTpa2qpoB, TO 
M COCIMHEHbI NapaMu B AMOpTOorpynnbl [SiOz], KOTOPbI€ TEM CaMbIM mpuHoo- 
raloT BU, TPHrOHaJIbHO MpH3Mbl u3 6 aTomos O, B KOTOPOH 3aksOUeHa rpynna 
—O —Si. 9m npuamel BoucaHbi B Oosee WHpoKHe H O€CKOHCUHBIC MpaBHJIb- 
@ MYCTbIe TPHFOHaIbHbIe KaHaJibl, CO CT€CHKaMH —ABOHHDIMM JICHTAaMH 13 
-KOJIOHOK Tak, UTO KaxK Oe peOpo MPH3MbI ABJIACTCA ORHOBPCMCHHO peOpom Tpex 
eHux Ca-oKTasmpos. [IpH aTOM, OMHaKO, BAOMb OCH KaHavla CON aA 


apoB c 3axkatoi rpynmo [SizO7] yepegyeTca co COM Ca-okTadJpoB 
rpynnpt [SiOz]. ; 

Kak puguo u3 puc. 1, /, 3BeHO THJIVJIEHTOBOH JICHTbI, 3aHuMaloulee WM 
9TaKa BOJlb OCH Q@, cocTaBsIeHO BOceMbIO Ca-OKTadqpaMH HW AByYMA rpymial 
[Si2O,]. Bxoyamux B opmysy Cag[SieO7]2 14 aromos O us zByx rpynn [Si20 
OKA3bIBaeTCA HEMOCTATOUHO JWI CaslaHCHPOBaHHA 3apAMOB KaTHOHOB, UTO KO. 
neucupyercea oGaBounbimu (10 B. C. Co6onesy (°)) aHHOHaMH (FxOH) crpy 
Type KyCNHMHAa, WeMKOM COCTABJICHHOM M3 THJIWICMTOBHIX JICHT C MPOCTeHI 
copmy,1oH 

Cag [SisOz]o (F, OH) = 2Cas [Si2O7] (F, OH)e. 


V3 ypyxX HavOomee mpocTbix reoMerpwuecKHX pelueHul AA TaKOH PopMyd 
(puc. 1, 2 u 8) B mpupoge ocymlecTBeH BTOpOH BapHaHT, MPH KOTOPOM 3BeHI 
u3 Ca-OKTad{pOB OHO THJIJICHTOBOM JICHTbI, MpokouKad Apyr Apyra B coce 
HUX JICHTAX, CO3JaIOT HECKOMbKO Ooslee JJIMHHbIe 4-YWJICHHbI€E 3BCHbA, KOTOPBI 
3aXO4f pyr 3a Apyra, Medalor cTpykTypy Ha Bara Ooee MpOuHO 
B crpykType CaMOro THJIJIeHTa «THJIJICHTOBBIC JICHTbIy HE CJIHBaIOTCA, COXPaHal 
JMCKPeTHOCTh HM CBA3AHbI APyr c APyromM AoOaBounbiMu rpynnamMu COs, 4To Tp 
Oyer BBeCHHS Tak»%Ke NOOaBouHOrO Ca-OKTadApa, Tak 4TO (opMysOH Oyy 
Caa[Si2zO,]CO3-CaCOs (puc. 2). 


Ta6auua 1 


Munepaa | b | (3 


Kycnugun Cag [SizOz] (F, OH)2 CB N10) 44) 1645 Soule 2288 


Tuanent Cas[SizO7] (COs)2 = Cag [SigO7]COs3- GG AGP AGI AOk27 |e o) 4 21,8 
-CaCO 

Taean TPHKaJIbIMeBOrO CUIMKaTa Doy | 17,2 | 10,5 7,63 4 2692 
Cag [Siz07] (OH)g= Cag [Sig07] (OH)g-2Ca(OH)2 


IIpumeuanue. B tTa6mune AonyueHbl HEKOTOPbIe H3MeHEHHA MO CPpaBHeHUIO C Op 
THHAJIbHBIMH aHHbiIMH. IIpexpe Bcero, yHHUMpUpCBaHbI COosHayeHHA ocelH. O6o3HaueH 
IIPOCTpaHCTBeHHOH YpyNnbl WaHbl B OOWIeM BUe, HOO MOHOKJHHHOM OCbIO B KYCNHAM 
ABIACTCA OCb (A), MepNeHIHKYAPHaA K THJIE€HTOBLIM JIGHTAaM, a B THJeuTe — ocb (i 
coBnayawllad C HallpaBeHuem sJIeHTbI. Bcioly BriOpana MpaAmMoyrobHasA (MceByO)AyenKAa, 
COOTBETCTBHH C 4eM B TAOMHUE OTCYTCTBYIOT MOHOKJMHHbIe yr. IipupeqeHHoe AA KyCE 
AuHa sHayenne b Ha Camom gee ecTb b cosa, HM TOUHO TaK %Ke MPMBeMeHHOe AA THIEL 
3HaueHHe a ecTb acosf. 


Jlerko nocuuTaTb, YTO Ha DBa OHOSTAKHBIX COA BAOMb OCH X B KYCHHIM 
MbI uMeem 8 aTomoB O (F) no BepwimHaM Ca-oKTadqpoB (mom0BuHa 9-ro aTO! 
B WeHTpe rpynmbt Si —O —Si B sto yucno He nonagaer). J[Be rpynnsi Ci 
qator 6 AoOaBouHbIx O BsameH 2F(OH),T. e. o6tee uncno0 atomos O(F) ysen 
4WHBaeTCA B MOTOpa pasa (12: 8). Ecuu B kycnugqMHe BAOMb OCH X MbI HME 
yeTbIpe COA Ca-OKTaSApOB, TO B THJJIEHTe UX LWIeCTb, YeMy COOTBETCTBYET 
B NO/TOpa pa3a OOH NapaMeTp Q, YTO MBI H BUAMM B JaHHblx Tabu. 
OrHouleHne oceil @ TAM HECKOJIbKO MeHbUe |!/, 3a CueT XOPOLIO M3BECTHOFO CI 
*KeHHA pedep O —O B rpynne COs or 2,7 no 2,2 A. 

B 1958 r. Béxnu, apy u Toaiinop (*) ony6mKoBasiM HOBBIe JaHHble 10 Fy 
POTEPpMaJIBHOMY CHHT€3y CTOJIb BaXXHOTO B XHMHH WCMeCHTOB MposyKTa, K 
rHApaT TpexkaJiblMeBoro cuIuKaTa (TSH), 2A KOTOpOrO OHM CUNTAIOT BO3MO 
HbIM C YBePeCHHOCTbIO MPHHATb copmysly 


3CaO-SiOze1 5H2O =u )~=—s 6 CaO 2Si02-3H2O = Cag [SigO7| (OH)¢. 


Meroyamu 3.1eKTpoHorpadun (c HcnOb30BaHHeM MU HUMaJIbHBIX MOHOKDPHCTé 
JIOB), NOAKPeNCHHbIMH MOPOLWKOrpaMMaMH, aBTOPbI NOJYYHIM Mapamerpsl pc 
OYeCKOH AYeHKU, IIpHBeAeHHBIe B TOM xe Tab. 1. Stu WaHHBIe H XHMMUECK 
aHaIH3 B CBASH C OOWIMMH CTpyKTYPHBbIMH 3aKOHOMepHocTsMH Ca-rugpocus 
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Cag [SizO7] (OH)¢ — Cag [SizO7] (OH), = 2Ca (OH)s, 


| MBI TOJIY4HM Be MONEKYJIbI NOpTAAHDuTA Ca(OH)2, koropbie B dopmyse ToK- 
I YHTH B «OOKOBYIO Iiélby BHE KYCMHAMHOBOrO apa (ta6m. 1). CBoumu 4 ua- 
MuaMu OH onu cosqalo1 TpeTHH culo, KOTOpDI coequHAeT (IBY XcJIOHHbIe) 


Puc. 2. CrpyxtTypa Tuaneuta Puc. 3. Crpyxtypa TSH-rugpata 
Cas[Si207](COs)2. Myxxrup piu TpeXKaJIbIMeBOrO CHIHKaTa. Tuen- 
TpeyrOJIbHHKaMH C KpYy2KKOM 8B TOBbI€ JICHTbI COCAMHEHLI Napamu Ca- 
cepequHe O603HaueHbI rpylnpl OKTa21poB 

COs 


JJICMTOBbIE JICHTbI H B KOTOPOM pa3MellalOTCA JONOIHHTeJbHbIC Ca-OKTAadpbr 
uc. 3), 3ameHslouiMe rpynnp COs B TusuenTe. 

Orcytcrsue COs-rpynm ycrpaHsaer MpHuMHbl, COKpalllaBllHe OTHOWeHHe 
un:Qxycn JO 3HaYeCHHA MeHbuIero 1,5.Celuac OHO, HACOOPOT, HECKOJbKO OouIbLe 
5, MOCKOJIbKY HET APyroli MPHYHHbI, YMeCHbINaBlWeH A B KYCIHIMHe, a HMCHHO 
uc. 1,3), BO3MOXKHOCTH BTATHBAHHA TpeTbeH BeplHHOK TeTpasmpoB SiOa co- 
BETCTBYIOWNMX Ca-OKTadIPOB 3 COCeAHEFO COA BAOMIb OCH A. COOTBETCTBEHHO 
omy B TSH mpi umeem ua | atom O o6nem 26,2 A® nporus 22,2 A® B kycnu- 
iHe H Bcero Hub 21,6 A® B TusANeUuTe *. 

Huoptorpynnp SigO7 B TSH oka3piBaloTcA Ha OCAX COBEPLICHHO MpaBHJIb- 
AX MYCTbIX TPCYFOJIbHbIX KaHaJIOB H OKPY2XCHbI WeCTbIO KOJIOHKAaMH — TpeMA 
BOHHBIMH) JICHTaMH 43 Ca-OKTa2IPOB. ITO MO3BOAeT TOBOPHTb O TiceBsorek- 
OHaJIbHOCTH cTpyKTypbl TSH, mogoOnol ncepyorekcaroHaJIbHOCTH Oe3BO]- 
PO TPHKasbiWeBOrO CHMKaTa. Bpsaq JIM, ONHaAKO, MOXKHO TOBOPHTb 00 UCTHH- 
MH TeKCarOHaJIbHOCTH KPHCTaJWIOB, Kak Je/laloT aBTOPb! pacorl (°), mpou3sBo- 
[BIUMe€ 9KCIEPHMeCHTaJIbHOe HCCeMOBaHHe. OHH HaCTaWBaloT Ha «reKCarOHaiib- 


M» cooTHoWeHHH a:b =V 3 = 1,78 u, uTOObI MOMYYHTb 9TO COOTHOMEeHHE, 
MOIb3YIOT MapaMeTp @ M3 OHOTO COpasila HU MapamMerTp 5b u3 Apyroro, mMexjly 
M KaK 06a HX OOpa3ila COrsacHO NaloT OHO HM TO 2%e sHaueHHe a: b = 1,65. 
DyroH apryMeHT B MOb3y TeKCarOHaJbHOCTH —UeHTPHPOBaHHOCTb TpaHu 
= ab (XapakTepusylolland reKCarOHaJIbHble CTPYKTYPbI B KOPTOFeKCarOHaJIbHOK» 
TaHOBKe) TOBOpHT JIHUIb O TEHACHWHH K WEHTPUPOBAaHHOCTH, XO- 
MIO BEICTYNaloulel Ha puc. 3. Sto Wb ocnabuAeT MATH Ch k=-2n, 10- 
OHO TOMY, KaK BO BCeX BOJIOKHUCTHIX Ca-CHIMKaTaX OCaOJIeHbI TsITHA 00? 
[+ 2n(2TO XOPOMIO BUAHO Ha 9JICKTPpOHOrpaMMaX, BOCIPOHSBeCHHBIX B CTa- 


* Tleppoe uneso Ipu6mmKaeTcA K TOMy, YTO MBI HMeeM ZA crpykTypbl CaO (27,2 A%). 
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‘Tbe TP€X ABTOPOB) 3a CUeT TOTO, YTO BYOMb OCH C Mbl HMeeM Ba Ca-oKTaay 
WU TOMbKO OfHY rpynny SizO7. YKa3bIBaeMble aBTOPaMH MICeBAOreKCarOHaJIbHBl 


nockocTu cnaitHoctu 1010 u 1120 xopomo Bpicrynator Ha Halle cxeme (B POM 
Ouueckux cumBoiax 100 u 210). : ! 

BenecTBve CyllecTBeHHOM poOuJIH, KOTOPyl!0 HrpaeT THeCHTOBaA JIeHTa, CO 
OTBETCTBCHHbIM paukKaJl pH OMMCAaHHH KPHCTaJWIMYeCKUX CTPYKTyP U IIpH MO 
leIupOBaHHH HOBBIX (pyrue mpuMepbI, KpomMe TSH, cm. B (°)), CTaHOBHTC: 
2KeAaTCJIbHbIM BbI,eHTb STY JIGHTY —Irpy6oO roBopA, KyCMHAMHOBYIO «MOJICKY 
Jy» Ip HamucaHuu (OpMysI MHHEepasOB, UTO H BbINOIHeHO B Tau. | 

TepmMorpaMMa rvujpaTa TpexKaJIblMeBOroO CHMKaTa, MpHBOAMMaA TPeM! 
aBTOpaMH, TOKa3bIBaeT, YTO BOa BbIJeIACTCA B [Ba STalla, PasfeJIeCHHbIe KOPOT 
KOli, HO 4eTKOM ocTaHoBKoli. B nepBblli stam BbIeAeTCA HeCKObKO Ooue 
JByX Tpereii uw BO BTOpol — ocTaIbHaa uacTb. Ilorepx B Bece 3akaHYMBaeTc 
mpu~ 700°. O6pasupbl, coornercrByioujve Harpepy RO 500—600°, nator Ha peHT 
renorpaMMe wiMHuu Y-CazSiOs, Koropble, OJHaAKO, OCTaIOTCH AHOMAaJIbHbIMU J 
700°, Kora K HAM MpHOaBsAIOTCA UM OTCYTCTBOBaBIUMe AO TeX NOp JHHHU CaC 

Sto nopeyeHue TSH sBmouine cooTBeTCTByeT TOMY, 4ero CeERyeT OKULAT 
Ha OCHOBaHHH QOpMYJIbI, HamucaHHOM B pa3BepHYTOM BHe C BbINeeHHO! 
THJVJICHTOBOH JICHTOM («MOmeKyOM» KycnuyuHa). HecoMHeHHO, fjBe Irpynmt 
OH, Bxoysatlne B STY MOJIeKysY, CBAZAHbI Goulee MpouHO, yem yeTEIPe OH B «6c 
KoBoH wenn». J[Be cTaquu eruipaTaluu MoryT ObITh pescTaBJeHbI ypaBHeE 
HUSAMH: 


{ Cag [SizO7] (OH) | -2Ca (OH)2—= | Cag [Siz0z] (OH)2 | + 2CaO + 2H20 4 > 
—> 2y-CaySiOg + HzO } + 2CaO. 


CxoHHocTb CaO B mpucytcrBua4 H,O xk MesIKOLuCHepcHOMy COCTOAHHI 
OOYCJIOBJIMBaeT CTOJIb MO3Hee NOABeHHe WHHAU CaO no cpaBHeHHlo C Tak 
M€JJICHHO BbIPaCTalOW[MMH YacTHWaMu JMOpTOCHJMKaTa. 


VWuctutyT xumun Iloctrynuso 
Axkaylemuy nayk A3sep6CCP 26 Il 1959 


MucrutyT KpHcTaiorpapun 
Akagemuu  Hayk CCCP 
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Jorxzagn Akanemun Hayk CCCP 
1959. Tom 126, N 1 


MHHEPAJIOFH A 


JI. B. ®HPCOB 


O HAXOAKE CEMPHIHTA HA CEBEPO-BOCTOKE CCCP 


(ITpedcmaeaeno axademuxom JI. H. Ilep6axosem 8 XII 1958) 


_B 1952 r. Hamu, copmectoo c B. H. Co6onesoli nu HbIHe MOKOMHEIM 
M1. Cxopuakospi, Obluio mpoBeyeHo u3y4eHHe MOpok uU py MOMOZeHOBEIX 
cropoxkyeHui MaragaucKoro OatTounta u B paze OOpasnon YcnucKoro pyjo- 
/OABJICHHA OOHAPYKeHO IPHCYTCTBHE HapALy C WeeMMTOM BOMbpaMata Kailb- 
‘A C BbICOKHM COJepKaHHeM MOJHOZeHa, KOTOPbIi Obl OTORKMeCTBIeH C Cel- 
‘THTOM. HacKOJbKO HaM M3BECTHO, HaxOjKa CelipHruta B YcuHCKOM pyyompo- 
sJICHHH ABJIACTCA MepBOH HaxoAKOH 9TOrO MuHepasa B CCCP, u 3acmyra ero 
KPbITHA 3ecb NpHHawiexuTt I]. HW. CxopnHaxosy. Bnepssie celipurut 6pui 
mcaH Jlakpya; m0 MHeHHIo @yelwepa (Wut. no (+)), sTOT MHHepaJIbHbIM BUT 

SaCJIYKUMBaeT CAMOCTOATCIbHOFO Ha3BaHHs, MpelcTaBAd MpOoMexyTOUHBI 
eH pxfla weelMT —noBeluT. OHakO CBOHCTBa CelHpHrutTa JOcTaTOUHO 
3KO OTJIMYAIOT eFO OT WeeIuTa MH TeM Oosee OT NOBeENNIUTA. 
| YeuHckoe pyJonpospmeHue pacmojoxeHo B 18 kM kK ceBepo-3anaqy OT 
_Marajana, B moje rpaHoyquoputTos Marayanckoro OatToumta (adcoJoTHHIK 
3pacT 115 Maun. eT), IpOpBaHHbIX WITOKOM JIeHHOKpaTOBbIX FpaHHTOB(aOcouHoT- 
pid Bospact 90—100 mun. mer). HamOouee nosqHHe NpOABJeHHA MarMaTH3Ma 
€JICTaBJICEHbI B PYAHOM MOJI€ MUKPONMerMaTHTOBbIMH H allJIMTOBUAHbIMM rpa- 
TAMU, JIOKAJIM3YIOULMMUCA BOb paspblBa, OFpaHHYMBaloulero WTOK OKO- 
TOBLIX TpaHuToB. AOcosHOTHbIH Bo3spacT nermMaTHToB MarayancKoro Oa- 
JuTa HW paiiona Tayilicka onpeqensnerca B 75—80 Min. ser. OnpefemeHua 
OM3BeJeCHLI HaMH B wJlaOopatropuu MarafaHcKoro uuctutTyta B 1958 Tr. 
PyyHad 30Ha JOKau3yeTCH BOb pa3pbIBa, UTO YKa3bIBaeT Ha CBA3b MH- 
Pasmm3aluH C BepXHeMeNOBbIMH MerMaTOHHbIMH HM allJIMTOBUAHbIMH TpaHH- 
mu. MosmmOqenut cosepxKHTCH B Bue paccCedHHbIX YelllyH, PO3€TKOBUAHBIX 
OCTKOB HM YellyivaTbIxX CKOMIeHHM B *KUJIaxX TAX TpaHHTOB, B MOMeBOLIMA- 
BbIX, KBaDpII-IlOJI@BOWIMATOBbIX H KBapIeBbIX %KHJIaX WH MpOxKMJIKaX, B rpeu- 
‘HH3HPOBAHHbIX OMOTHTOBLIX FpaHuTaX, B TpellluHaX MpaHHTOB M TpaHonHo- 
aTOB. B pyOMpOABJeHHH OTYETIHBO BbIABJICHbI MefMaTHTOBbIM WM MHEBMAa- 
WIMTOBO-rHIPOTePMaJIbHbIH ITAaMbl MMHePaJMsallyn. c MOJIHOACHHTOM B py- 
1X aACCOMMMPYIOTCA WIeeIHT HM CeHPHIHT; MOCeAHHM MpeACTaBJIAeT TOJIbKO 
aHepasoruyeckuli uHTepec. IIpucytcraue celipuruTa YyCTaHOBJeHO B MH- 
DOKIMHO-KBapICBbIX MpOxKUMKAaX C OMoTHTOM. CeHpHruT SABUIAeTCA Oomee 
8IHUM, UCM KBapl, MHKPOKJIMH M OMOTHT, HW Ooee PaHHHM, UeM moumu6je- 
AT, XAJIbKOMMPHT, MMPpOTHH HM Apyrue MMHeEpaIbl. 

CelipuruT Bcrpeyaerca B BUC KPUCTAJIMYCCKUX 3€PeCH Pa3sMepoM HO 0,5— 
5 mm B nomepeunuke. B ognoli “3 pyAHbIX mpoo OOHAPYXKeHbI KPHCTaJJIbI 
(NMpaMuaJIbHOrO OGINKa C IIpeHMYW\eCTBCHHBIM PasBATHeM (bopMel @ — 
J11}; mopepxHocrb rpaHei vTerparoHabHOH AMMMpaMuAb! UCIITPUXOBaHa 
laroflapA pasBHTHIO TOHKHX MOJIOCOK rpaHeH {111}, {515}, {313}. Munepan 
MeeT CBETJIO-3@ICHbIM, HHOFa OypOBaTO-XKeIThIN IBET, OleCK B U3JIOMe *XHP- 
i, Ha rpaHax — Jo aJIMa3HOrO; CMaliHOCTb MCHee COBCPIICHHAaA, HEM Y Ie- 
mta. Iloka3aTeiM CBeTONpeJIOMIeHHA CeHpHurHTa HaxOMATCA B Mpeedwax 
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1,940—1,990 (no HerouHO noqoOpaHHbIM ciilaBaM), ABYNpesoMieHHe 0,01 
0,020 B muimdaX HOpMaJIbHOM TOMUMHEI; B KOHOCKONe HaOsOfaeTcA Gury, 
ONHOOCHOTO MOJOXKUTeMbHOrO KpucTaia. B kKaTOWHbIX JlyYax CeHpHruT uMee 
*KeJITOBATO-3eleHoe cBeyeHHe. Tipu KHNAYeHHN C OJOBOM B COJAHOL KUCIOT 
mpHoOperaeT CHHIOIO OKpacky. ‘ 

CnekrpaibHO B CelipyruTe OOHapyXeHbI KaJibllMH, BombppamM Hu MoOWIHO 
yeu (ocHoBa), *xeme30 H BucmyT (<0,01%). XuMuyecKHH CocTaB MMHepadle 
B mpouentax)*: CaO 21,25, WO; 63,00, MoO; 13,48, FeO caeqpr 
H,O 0,24. Cymma 97,97. 

CymMa aTOMapHbIX KOuIMYeCTB MOIMOZeHa U BOMbppama paBHa 0,990, ¢ 
BMecte c Kaslbivem 2,017; omm6xa (-+0,017), no-BuqumMomy, OObsACHaAeTEeS 
OlWMOKOW XHMMUeCKOrO aHaJu3a. 

Ilo cocrapy cefipnrut Ycnuckoro pyAONpOsABJeHHA SHaUHTebHO OMAK 
K meenuTy, ¥eM K noBermuTy. [Ipupeqenue Tpex oKucsoB K 100% jaer cule 
nytoulue wndpp: CaO 21,75%, WO, 64,46%, MoO; 13,79%, uemy orBeuae? 
clenyioulan (opMyJia MuHepawa: 


Cay,027 (W 0,736 Moo, 254 )Ou- 


ATOMapHOe OTHOLWIeHHe MOHOAeHa K BOMb:ppamy MouyTH paBHO 1:3 (1: 2,9) 
Or weemnta (B Tex %«e pyax) celipHruT oTMYaeTCA OoONee BbICOKHM CBETO 
TIP€JIOM/I€HHEM, COJIM2KaIOWIHM e€FO C MOBEUWJIHTOM; HalMpOTHB, JBYyNpeJIOMJIeHHe 
cro COH3MepHMO c JBYNpevoMIeHHeM weenmta. YjebHbI Bec CeHpHrHTé 
onpeyenen B 5,494-+0,006, usm 3Ha4unNTeIbHO OMXKE K YJIGJIBHOMY BeCy M10: 
BeJIJIHTa, YM eeHTA. 


MarayaHckHH Hay 4HO-HCCeqOBAaTeIbCKHL Tloctynuao 
HHCTHTYT 30710TAa WH peAKHX MeTAJIVIOB 15 XI 1958 


UHMTHPOBAHHAS, JINTEPATYPA 


1A. H. Buuueaa, Onruueckan munepanorna, VJI, 1949. 


* AnanuTuK M. B. Kantoxopa 
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Woknangn AKkanemun HayK CCCP 
1959. Tom 126, N: 1 


ITETPOlPA®HA 


r. M. FATIEEBA 


YCCYPUT — OCOBAS PASHOBHJIHOCTb LIEJIOUHbIX 
BASAJIBTOHAHbIX MOPO 


(ITpedcmaeaeno axademuxom JI. C. Kopscuncxum 6 III 1959) 


IIpH usyyenuu OasaibTOuAHEIX NOpok wenOuHOlt MarMaTHUeCKOli MpoBHH- 
u IIpumoppsa (*) Obia OOHapyxKeHa UX Pa3HOBMAHOCTh, He HaXxOLAlllaa Jo- 
ATOYHO NMOHbIX aHaJIOTHH CpeAW Oa3asIbTOMAHHIX MOPON, OMMCaHHbIX B Cnpa- 
‘HOH WJIM CiellvasIbHoH sMTepatype. IupoKoe pacmpocrpaHenue 9sToli no- 
Mbl, YCTAHOBJICHHOH He TOJIBKO B Pa3JIMYHbIX Pa3OOUleHHbIX BbIXOJax WeoU- 
X Oa3aJIbTOMAOB BepxXHero TeyeHua p. Yccypu, HO M cpequ MOOOHHIX OOpa- 
BaHHi Apyrux palonos, Hanpumep Moxromuu u TOxuoro Tanp-WDana 
‘UIOH), MOKa3bIBaeT, YTO OHA 3aCJIY2KMBAeT BbIeICHHA B BU OCOOOM pas- 
MBHIHOCTH HM, CJIEMOBaTeJIbHO, Oomee noxpoGHoro omucaHHa. 

Ilo xumu3my oHa HanMOoulee O1u3Ka K TpaxuzOeputTam. OgHako oroxyect- 
‘CHHIO C MOCJICNHHMM IIpeMATCTBY!IOT OCOOCHHOCTH e€€ MHHepaJIOrMYecKOrO Co- 
aBa WU CTPYKTYpbl. 

 OGlleu3BecTHbie OTMHUMA TPaXHAOMepHTOB OT OOBIUHBIX MJarHOKJIa30BbIxX 
3aJIbTOB, OTPaxKalOWMeCA HE TOJIbKO B HX CTPyKType, HO H B MHHepasioruye- 
OM COCTaBe H XHMH3ME@, 3aKJIIOUaIOTCA B TOM, UTO YACTb CTEKJIOBATOFO OCTAaTKa, 
peqKO coxpaHslolleroca B MarMOKJasOBbIxX Oa3abTaX B HHTePCTHIMAX 
KILY MUKPOJHTaMH MJlarMvoKJla3a, B TpaXHJOJIepHTaX 3aMeHeHa CYIeCTBeHHO 
JIM€BbIM MOJIEBbIM IUMaTOM, IIpHCyTCTBYIOUIMM B IIepeMeHHOM, BCerya HeOOJIb- 
M HM 4acTO HMYTOKHOM KosnuectBe ((°) u A. H. SapapuyKu, 1956). Onn- 
IBACMaA PASHOBHAHOCTh WeOUHIX Oa3abTOUAOB IIpumopba, accoluupyto- 
AACA HE C MWlarHOKMa30BbIMH Oa3aJIbTaMH, a C TpaXHOepuHTOBOH daluer 
KapaTpuT-MHKpuTos (*), mo cBoel CTpyKType H MMHepaJorMyeckoMy CocTaBy 
ICCTBCHHO OTJIM4YaeTCA H OT AHKapaTPUT-NHKPHTOB UH OT TpaxHOJIepUuTOBOK 
UMM MOCEYHUX, HECMOTPA Ha COBEPIICHHO OUCBHAHYIO TeHETHYCCKYIO CBASE 
HMMM. i 

OcHoBHEIe e€€ OTJHUNA — CTPYKTYPHble, TaK KaK OHA CJIOMKeHA HE PaBHO- 
HOSEPHHCTOH OJHOPOAHOH MaccOH MHKPOJIMTOB WiarMOKJa3sa HM MMpOKCexa, 
THOCHT@IbHO KpynHbiMa (d~0,5 MM) KCe€HOMOp(HBIMH 3e€pHaMM KaJIMeBOrO 
uroKNa3sa, COepKalllMMH B Ka¥eCTBe MOMKHJIMTOBBIX BKJIIOUCHHH HepaBHO- 
pHO pacnpeseieHHble H BCeqCTBHe STOO TO Oosee, TO MeHEe OOWJIbHbIe, HO 
ryla COBePIIeHHO HZMOMOpdHbIec MHKPOJHTbI THTAH-aBruTa, CONmpoBoxae- 
@ aKIECCOPHBIMA 3epHaMu pyAHOro MuHepasa Ilopoga coxepxuT aHnaJbuuM, 
\PamMyeCKH NMOABJIAIOWMHCA BMeCTO OTJCJIbHbIX KPHCTAJJIOB Ka/IMeBOrO 
ArOKJ1a3a; B KAYeCTBE AKILECCOPHA B HEH, KPOMC PyHbIX 3epeH, MPHCyTCTByeT 
ATUT, TOHUALIMMe BOJOCOBHAHEIG KPHCTasbI KOTOpOTO OOpasylor ciyTaH- 
fH arperat, OyKBabHO MepenOMHAIOWM 3epHa aHaJIbIlHMa. B sToH macce 
‘JIOUCHLI MpHaroulue) eli mopdupoBblit OOJIMK KCCHOKPHCTaJJIbI OJIMBHHA, 
IIPCeIeHHbIe HepaBHOMepHO MH KOvIeOsIOlMecA MO pasMepy, BCerAa o610- 
HHbIC, HepeAKO rpaHhyJIMpOBaHHble H YacTOoO KOPPOQHPOBaHHBIe, 3aMClIlaeMbIe 
[POOKHCIaMH 2%Kene3a MW MMHepasaMH HOHTPOHHT-MOHTMOPHJIJOHUTOBOH 


/TITbI. 
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" 
KommuecTBeHHO-MMHepasIOrHueCKHe COOTHOWIEHHA, ONpeweABLIMeCA If 


MOMOUH ceTuaToro oOKyJIAp-Mukpometpa B 10 muudax mpu ABYXCOTKP ati 
yBeJIHYeHHH Ha OOUeH NOWaqu B 200 mm?, OKa3aJIHCb CJI€YIOULHMH: 


TuTaH-aBrut 40%, AvasIbuauM HW MHHepaJibl = | 
Kanuespli onuroxnas 36% TpyMMbl MOHTMOPHJIJOHUTA % | 
OMB HH 16% AnaTut 1% 


Ornecenne mojesoro mmata K KaslMeBoMy OMTOKJasy (*) OCHOBBIBaeT( 
Ha ero onTuyeckux cBolicrBax. Munepad o6JlaqaeT OPHeHTHPOBKOH OsMTOKa3 
coylepxauero 28% aHOpTHTOBOrO KOMMOHEHTa, HO CBETONPeJIOMJeHHEe © 
MeHbIIe, YeM B CIIpaBOUHUKaX JA MvlarMoKsa3a sToro coctaBa (Ng = 1,536 
+0,002; N, = 1,528+0,002). Hlonuxxenve cBeTONPeOMICHHA, OYCBULHO, 06 
CJIOBICHO TIpUMeCbIO KaJIHs, MpHCyTCTBHe KOTOPOTO yCTaHOBJeHO H aHaJIMT 
yecKH (cM. Ta6s. 1). | 


Ta62um ane 


Comepkanuve B Bec, % Cogep>kaHHe B Bec. % 
oO 
raeiae MMe oy KGa pud? a) pam gi 
SiO, [49,06 |49,20 | 43,06 | 42,80 MgO 6,17 | 4,43 |10,60 | 411,64 
TiO, 1536 GSN 2235 Zhe CaO by || hie) 28 9596 
AlsO3 15,70) 16,65 115305 12,62 Na,O Bl | Aa | Oe 3,31 
Fe,O3 589) e476) 102,080). \7e5m K2O 4,52 | 3,19 | 2,05 | Oggm 
FeO Gromeon Oumar Ol 9,00 H,O 1620 lOO ml mene 32 
MnO 0,31 |0,55| 0,14] 0,14 P2O5 0,45 | 0,60 | 0,66] 0,8C 


IIpumeuaune. I — 6a3anptu (pce—mo A. H. 3apapuukomy), Il — Tpaxu ~ouepr 
(sce—no A. H. Sapapuuxomy), I11—tTpaxufonepur aTaKcHTOBOH TeKCTYPbI H3 BePXOBE 
p. Ycecypu Huxuero IIpumoppa, IV — yccypur u3 BepxoBpa p Yccypu lOxuoro IIpumopt 


OnncpiBaemax Noposa NOCTeMeHHO MepexOJHT B pa3HOBHAHOCTH, OJM3K 
K OObIYHLIM TPaXHJOJIepHTaM, HO HeCKOJIbKO Ooslee MeaHOKPaTOBble U ¢ 
JIMUaIOWHeCH OT THMHYHbIX TPaXHJOJIEpHTOB TEKCTYPHbIMH MH CTPYKTYPHBbI 
oco6eunHoctamn. IlocaeqHHe BbIPaxkalOTCA B HEOHOPOAHOCTH CTPOeCHHA TOHI 
3€PHHCTOH MaCCbl NOpOb!, OOYCMOBJICHHOH TeM, 4YTO B HEH UAHOMOPdHIe XN 
KPOJIMTbI THTaH-aBrHTa, COMpOBOKMaeMble JIMWb HEMHOTO GOoee KpyIHbl 
3ePpHaMH OJIMBHHa H aKI[eCCOPHbIM PYHbIM MHHepaJioM, OOpa3ylOT CKOMJIeHE 
H€3AKOHOMePHO MepeMexXKalOUMeCA CO CKOMJICHHAMH XapaKTepHO pacnosome 
HbIX IIPH3MaTHYeCKUX HJIM JICHCTOBHAHBIX MMKPOJIMTOB WwarMoksia3a, Mex 
KOTOPBIMH 3aKJIIOUCHb] KCCEHOMOPHbIe 3epHa CYMIECTBEHHO KaJIMeBOrO MO. 
Boro WMaTa, C NPHCOCAMHAIOMIMMCA K HHM HMYTOMRKHbIM KOJIMYeCCTBOM aHaJ 
iuMa. 

Hecmorpa Ha MaJIble pa3Mepbl MHKPONHTOB MlaruoKia3a (quinHa 0,¢ 
0,5, uspeqka 1,5 MM npu nonepeynuKe 0,15—0,20 mM), B Hux xOpomo BBI] 
2%K€HO JIBOMHHKOBOe€ CTPOeHHe, HEPeCAKO MOJIMCMHTeTHYeCKOe;  30HAaIbHOC 
C 4YeTKO OFpaHHYeHHBIMM KOHILCHTPHYeCKMMM TpaHHllaMH OTCYTCTBYyeT, HO I 
pOKO pacnpocTpaHeHO XapakKTepHOe AVIA NOJEBbIX WINATOB MOBBbIINeHHOH I 
JIOUHOCTH MOCTeMeHHOe H3MeHeHHe yrvia MoracaHHA OT WeHTpa KPHCTadJ 
K MX KpaaM. CoctaB MlarMokKslasa OTBeuaeT NaOpagopy c 54% anopTuToBK 
Komnonenta (B = [001]; Ng = 68°; Nm = 60°; Np = 42°). 

CyeCTBeHHO KaJIMeBbI NOeBOM WINaT, IPOHH3aHHbIi OOHJIbHbIMH TONY. 
IUMMH HYOJIbYaTbIMH KPUCTaaMH alaTuTa, OOalaeT OOayHbIM, BeepooOp 
HbIM HIM arperaTHbIM moracaHvem. Ero cBetompenomsmeHue 61u3Ko K 1,52 
+0,002, uTO BeIHKO JIM OPTOKNa3a M MOXAET OTBEVATh KaK MMKPOKJUHY, * 
H aHOpToKja3sy. TpukJIMHHad CTPpyKTypa MuHepadia NozTBepxaeTca Xap 
TepHOH BepeTeHooopa3sHori (POpMOH HaOsOAaOWHXCA BHEM JBOMHHKOB, He CB 
CTB€HHOH IOJICBbIM LIMmaTaM MOHOKJIMHHOM CHHTOHMH. 
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Oa TpaxufONepHTONOLOOHaN noposa mpenzcraBaser IpOMexKYTOUHYIO pa3- 
BUAHOCTh, TaK Kak IPH YMCHbINeHMH M COBEpIIeHHOM HCYeSHOBeCHHM Y4aCTKOB, 
OACHHBIX NOICBBIMA IWIMaTaMH, NepeXOJWT B MMKPHTbI; MPH YMeHbIUeHHH 
ACTKOB, C/IOXKCHHEIX GOMHYCCKHMH KOMMOHEHTAaMH,—B 9SCCEKCHTIOMEPUTHI 
HaKOHell, NpH HCYCSHOBCHHH MMKPOJMTOB JaOpaqopa u OKaliMsAloUlero ux 
OpTOK1a3a, MCCTO KOTOPBIX SaHMMAeT KaJIHeBbIH OWIMTOKa3, 3aXBaTbIBalo-~ 
uu fe Bue NOMKMJIMTOBEIX BKJIOUCHHL MHKPOJMTbI THTAH-aBruTa H KCeHO- 


| Puc. 1. Yecypur. Kpymupre kKceHoMop*HbIe KPUCTaJVJIbI KaMeBoro OJMTOKNa3a c NoH- 

| KWJIMTOBBIMM BKJIIOUCHHAMH HepaBHOMePHO paCclipeeJIeCHHbIX MHKPOJHTOB THTaH-aBruta, 

AKILECCOPHBIX 3ePeH PYAHOTO MHHepasa MU KOCOMIOMMXCA MO pasMepaM KCeHOKPHCTaJ- 

JIOB OJIMBHHA, B KpadX pasbeaemoro HW MpOHusaHHOrO FHApooKucaMH *Kelasa. a — 6e3 
aHaJlH3aTopa, 6 — B CKpeWIe€HHbIX HHKONAX. 40% 


DUCTaJJIbI OJIMBHHa, — B OMHCbIBaeMyIO PaSHOBHAHOCTb MOHKHJIMTOBOH CTpyK- 
ypbl. CoyeraHve yKa3aHHbIX JIA STON pasHOBHAHOCTH OCOGeHHOCTeH XUMU3Ma, 
MHepaJIOrH4ecKOrO COCcTaBa HM CTPYKTYPbI HE MPHBOMATCA HH WIA OMHOW us 
BYUCHHbIX HM OMMCAHHbIX UIeJIOUHbIX Oa3aJIbTOHAHbIX NOpos, BCeZCTBMe Yero 
Ha WM He MOXKer ObiITh oTomwyecrBuleHa HH Cc OfHOH M3 HUX. Mexyy Tem, 
[HOCHTeJIbHO IIMpOKOe pacmpocTpaHeHve MOKa3blBaeT, YTO MOABJIEHHEe ee HE 
myuaino. Ilosromy ona 3aCJlyxKuBaeT BbIeICHHA B BUe OCOOOM pasHOBH]- 
OCTH, KOTOpad, culeyA reorpaduyeckoMy Mpu3Haky, MOKeT ObITb HasBaHa 
CCypUTOM, TaK Kak BliepBble Oblyla H3yyeHa Cpe UWeOUHIX 6a3aJIbTOU JOB. 


lepxoBbep p. Yccypu. 


BcecoiosHblli Hay4HO-MccJeOBaTeJIbCKHH Tloctynuno 
TeOJOrHYeCKHH MHCTHTYT 5 XI 1958 
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Jloknann AkaweMuUH Hayk CCccP 
1959. Tom 126, N 1 


_TEOXHMH, 


Axayemux AH Asep6CCP X. H. AMMPXAHOB, E. H. BAPTHHLKHA, 
C. Bb. BPAHAT ul. B. BOAXTKEBHY 


O MUFPALLMHW APFOHA HM TEJIVA B HEKOTOPBIX 
NOPOJAX HW MHHEPAJIAX 


B pasmmunoe Bpema Obl0 onyOmMKOBaHO MHOrO paOOT O MurpallHu pallu 
reHHOrO aproHa HM TreMa B TopHElxX Mopogax. Jia yrouHeHHA MeXaHH3M 
MOTePH pafMOreHHbIX Ta30B WeslecooOpa3Ho uccJeqoBaTb Bblyjenenve A u A 
M3 OfHOrO uM Toro xe OOpasita. 

B nacroslle pa6ore mpov3BofNI0cb OAHOBPeMeHHOe ONpesemenne paru 
renHpix A u He B yruIMCTOM ClaHlle, pOroBoh OOMaHKe HM NHpoKceHe OKeMOpHk 
CKOrO BO3pacTa MaCC-CMeKTPOMeTpHYCCKHM MeTOOM Hs0TOMHOrO pa3s0aBJ 
Hua (1), H€CKOJIbKO BHOH3MeCHCHHBIM JIA STOH Welu. B KauecTBe STAJIOHHOI 
ra3a Oba HCMOMb30BaHa OHOpowHad cmecb A atTMmoctbepHoro H30TONHOF 
cocrapa u He. IIpouenrHpmli coctaB STOH CMeCH TIWaTeJIbHO ONpeweAJICA Ké 
JIMO6POBKOH 10 OOpasilaM C H3BeCTHbIM coxepxKaHHem A*°, ee 

IIpouenypa u3MepeHHH cocTosJia M3 culeqyIoujuX 9sTanmoB. CHayasa ompe 
WeNAcA UZ0TONHEIN KoadppuuuenT A, BbIAeMBIUerOcA B peakTOpe pu Mal 
JiGHHM OOpa3sia. SaTemM MpoOu3BOsMJIacb HacTpOlkKa Macc-CleKTpoMeTpa H 
He*. [Ipu orkpbirau BeHTHJIA HamycKa 3aMeuaJIOCb OTKJIOHEHHE BbIXOJHOT 
lipHOopa Macc-cMeKTpoMeTpa ay, COOTBeTCTBYIOlee KOMMUeCTBY He* B peak 
Tope, mocue “ero MpOH3SBOAHJICA HalycK 9TaJIOHHOrO ra3a B peaktop. IIpu aTo 
BeJIMYHHA OTKJIOHCHHA NpHOopa yBeIHYHBaslach JO a. Takaad mMeroqMkKa mo3sBC 
JIMa H30exKaTb NOPpeliHOCTeH, CBASAHHbIX C Pa3JIMYHbIM OTKPbITHeM BECHTH 
Hanycka. Iloce sToro Mpou3sBoqusocb ompesxeeHHe M30TOMHOTO Kosdpult 
enta A B peakTope, pa30aBuIeHHOrO 3TaIoHOM. Pacuer KONMYeCTBa paMorer 
Horo A*° mpousBoguica OObrHbIM ciocobom. Komuyecrso He* paccunTprBe 
JIOCb 10 bopMyure: 

Oy 


[Het] = [9c] —2—, ( 


Oo'— aT 


rye [He*] —koumuecrBo remus B peaxtope. [Sye] — KomuyectBo 106aBmer 
HOrO STaJIOHHOTO reuA B HMM?, 

IIpu u3mMepeHuAXx mpeaznomarasocb, YTO Bech relu, HaXOMAUUlicA B peal 
Tope, paqvoreHHoro Mpoucxo*wKJennA. 

Yraucrpit Cane w poropadt OOMaHKa H3MeNbYaIMCh AO KpymHocrn 3¢ 
pe 0,1—0,2 mM, (bpakuua mMpoKceHa Tex >Ke pasMepoB Oblvia BbIeleHa ¥ 
M3MC/IbYeCHHOrO AMa0a3a C NOMOULbIO MarHuTa. [locate sToro npo6n! pa3zqeAsMC 
Ha OTJCJIbHbIC HaBCCKH, KOTOPbI€ MpOrpeBasINCh pH Pa3sMUHbIX TemMepatypa 
B TeY€HHe ONpefeeHHOrO BpeMeHH. 

PesybTaTbI W3MepeHuit WpeycraBseHbl Ha puc. 1—3, rye m0 ocu OpAuHE 
OTJIOXKEHbI JOrapHpMbl OTHOWeHHA KOMMYeCTBa fra3a, OcTaBlercca nocd 
miporpepa [A?°], xk mepBoHavasIbHomMy [A>’]. Temmeparypt! mporpesa yka3aH 
y COOTBETCTBYIOWNIMX KPMBBIX. 

M3 Kpupplx puc. 1—3 mMoxHO ompefemuTh KoaddbuineHTst quppysun L 
€ B HeKOTOPHIX CJlyuaix 9HeprMio axTuBauMn E. Jina pacuera D ucnomp3 
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macb dopmyvia ccbepuueckolt Aupbysuu: 


[Af] [He] 6 = { D, nxt 
[A] [Het] = > w exp fe 2 ) (2) 
n= 0 
Lo 4 
1, [Hey] —cogepxanne paguorenupix aproHa MH relMa B oOpasue 


Poo UPorpeBa mp Temmepatype ¢ B TeueHHe Bpemenu t; [A%), [Hel = 
albHoe conepKaHwe aprowa vw resus; Ds—nocrosunad qudbysuu npu 
mepatype 2; fo — patvyc 3epen oOpasna; n= L253 2. (One 


HASOB fo Opasiocb paBHbM 7,5-10-? cm. 3uHauenna Dy Hwaxoqusuce myTem 


OCTaBJICHHA SKCHEPHMEHTAIbHBIX KPHBBIX Cc 'ceTKOTi KPMBbIX, PaCCUMTAHHbIX 


Epema npoepeba 
e 4 


6 8 yac. Speman npozpeba ———— 
eZ 


¢ Ly 8 Ye. 

0 (ip-cste 
S 0 

ae 

au ae 
ae 

“2 we 
4D 3 sted 

[at |=9300 umm'/e im 

% “12009 amu: <= 
4 OG amm‘/e cae 3 

| Puc. 1 Puce. 2 


3apaHee 3aqaHHbIx D no dopmyse (2). QHeprua akTuBaluu onpesemsacb 
dopmyuie 
| R In (Dy, | Dy,) T1T 2 


UE sar er DiRT ve B? ©) 


4 T,— adcomoTHble TemlepatTypbl mporpespa, R — ra30Ban nNocTOsHHas. 
Ha puc. | w3c6paxexbl KpUBble, MOJyYeHHbIe Jin yrwiMcToro canta, 
Opbli MpeycTaBsasm coOoh MeTramopduyeckylo Nopoyy, C/lOxKeHHYIO MHHepa- 
M py! cio WM aMopdpHpmm yruancTpM sBemectBoM. IIpu 800°D jas 
papHo 9,5-10°!, a ana Het 5,5-10°4% cm?/cex. Pacuernpie KpHBple 
HKTHp) He IIPOXOAAT yepe3 HayasIO KOOPAHHAT, a OTCeKaIOT Ha OCH OpJH- 
OTpe3KH, COOTBETCTBYIONIMe HU3KOTeMMepaTypHbIM MOTepAM, MeHbIUMM JIA 
OHA MW OOJIBUIMM JIA resus. 
Ha puc. 2 u3z06paxenbl KpHBbIe JIA poroBpoH OOMaHKM U3 TpaHuTHOrO 
maTuTa. TIpu 500° yaa Het u A*° 3Hauenna D OfMHaKOBbI MU paBHbl 
-10720 cm? /cex. Jina Het waOmtogatoTca HeKOTOpble HH3KOTeMMepaTypHble 
epu, a qua A*° on OTCYTCTBYIOCT. 
Ha puc. 3 u300paxeHbI KpHBbIe JIA MMpOKceHa, OTKyfa BUAHO, YTO 
enenue A° y Het nauunaetca mpu 750°. Kpuppie spijenenun A‘? u Het 
BCeX TeMIlepaTypax MporpeBa COBMajlaioT B npefetax SKCIepHMeHTaJbHbIX 
6ox. 3xHayenua D mpu 750° papner 8,0-104% cm?/cex., a upx 900 = 
“41 om? /cex. HuskoremneparypHpe norepx Kak via He’, Trax u qua A” 
1OCTbIO OTCYTCTBYIOT. q 
-ABeEHCTBO KO3PuuneHTOB Audpysvu reMA WH aprova AVIA POroBou 06- 
KM MM MIMPOKCeHa CBHJeCTebCTBYeT O TOM, YTO MHTpallMA pawMOPeHHbIX Pas0B 
OBIeHA He MpHpoxok aromos A*° u He’, a Apyrow NpH4YHHOH. Bo3MOxxo, 
NepeMElalOlHeCA V3JIOBbIe BAKAHCHH (AbIPKU) B KPHCTAaJIMYeCKOH PelueTKe 
pasa, KOJIMYCCTBO KOTOPbIX YBeJIHYMBaeTCA C NOBHILICHHEM TEMMepaTyPpbl, 
ATbIBAIOT HU «TPaHCOpTHpyloT» aTOMbI paMoreHHbIX TasoB. HeKkoropoe 
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pasiuune D qua A u He B calyuae yIvIMCTbIX CJIaHIeB, MO-BHAHMOMY, BbI3Ba: 
HaJIM4WeM B HUX HECKOJIbKUX (pa3, B KOTOPbIX paqMOreHHble ra3bl MOryT Ob 
pacmpefeseHbt pasim4uHo. Ppanwunble mOBepXHOCTH MexXy OTAeCJIbHbIMH q 
34MM MOryT OOYCJIOBJIMBaTb WH 3HaYHTeJIbHbIE HASKOTeEMMepaTypHble MOTe 
A?° y He+, Ha6sofatoulmeca B STOM 


Spema npozpeba 
oOpasile. : oe 2 y F Bu 
Jl Wesel onpeweseHu A aOcosuoT- = a : 
HOrO BO3pacTa aPprOHOBbIM H Tre/He- = A” He® 100-600° 


BbIM MeTOaMH HavOoubWu HHTepec 
MpekcTaBsaeT MHpOKceH, 9HEprHd 
aKTMBalluu JIA KOTOpOrO, paccuH- 
TaHHad m0 dopmyse (3), paBHa Sy 
73500 xKaa/rpan-r-at. A*® (He’*). § 3 
D waa Hero, IKCTPanouMpoBaHHaA 
K HOPMaJIbHOH TemmepaType, paB- 
Ha 4: 10°°° cm?/cek. OTH 3HaveHHA Piel 

Eu D, a Takxe OTCyTCTBHe KaKHX- 

460 HH3KOTeMMepaTyPHbIX MOTePpb CBUACTEIbCTBYIOT O MOMHOH COXpaHHOE 
paqMOreHHBIX Ta3s0B B MApOKceHe. 

ConocTaBaid pa3JIMUHbIe THIbI KPHBbIX BbIACeHHA PajMOFreHHbIX Tas 
43 MOpO H MHHepasOB, MBI MpHXOMM K BBIBOLY, YTO ONpedeeHHA aOcouRK 
HOrO BO3pacTa aPrOHOBbIM HM TeMeBbIM MCTOJaMH CJleqyeT MPOHSBOLUTb TOUE 
Ha OOpasilax, HCCeqOBaHHbIX MIpeMBapHTeJIbHO Ha COXPaHHOCTh pajMOreHH 
Tasos. 


[af }=9.030 nam Yo 
| [He’] =9086 umm Ye 


JjarectaHckul umtnan Tocrynuso 
AkajlemuH HayK CCCP 29 XII 1958 


WHTHPOBAHHAS JIMTEPATYPA 
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flokaayp Akanemun nayr CCCP 
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TPEOXHMH A 


HM. H. BOJIKOB 


O CBOBOJIHOM CEPOBOJOPOJIE WM CEPHUCTOM KEJIESE 
B HJIOBbIX OTJIOWKEHHAX YEPHOFO MOPS 


(ITpedcmasaexo axademuxom H. M. Cmpaxosem 14 1 1959) 


PayOokosogupie uoppie oTrsoxKeHun Uepxoro mops, HapsAy CO CBOOOJHbIM 
OBOMOPOAOM H CePHHCTHIM %Kee30OM B Be THAPOTPOMJINTa, ComepxKaT pA 
SIMHEHUH Cepbl, KaK CBA3AHHBIX C TBEPJOl (tba30H OCaKa, Tak W HaXoO_AMUxca 
KUAKOH case —UWJIOBOH BOJe, NPONHTHIBAaIOMel BOHHbIe oTOxKeHUA (},”). 
‘peqelenue STHX OPM CoesMHEHHH Cepbl, KpoMe CBOOOAHOrO CcepoBo,opora, 
MOPCKHX OCayKaxX OblO paspaOoTaHo pauHee (3,4). 

Onpeyerenue cBoO6oqHoro H,S B Hue B MpHCyTCTBHM ApPyruxX CepHHcTHIX 
JIMHEHHH OObBIUHO PeKOMeHAyeTCA MpOBOAHTb OCTOPOXHOH OTTOHKOH ero 
MellHaJIbHOM lipHOope B TOoKe CO, pH HarpeBaHHH Ha BOAAHOM GOauHe (°). 
BsBuay Toro, YTO JWI HCCIeELOBAaHHA YEPHOMOPCKHX OCaKOB HaM HeOOxoO- 
MbI ObIJIM TOUHBIC JaHHbIe O COsepxKaHHH CBOOOAHOrO CepoBOOposa, MbI I0- 
\BHJIM OMbITbI MO H3YYeCHHIO OTTOHKH €FO OT MpOO HJIOB B TOKE HHEPTHOLO Fa3a. 
‘diia uccaeqopaHun Obl B3AT TIMHHCTO-KapOOHaTHbIH MI ceporo uBeTa, 
WIyYeHHbI c rayOunbr 1820 M u uMetollHH sanax HeS. 

Kak noka3amu mpeyBapuTerbHble OMbITLI, BOAOPOA He MOET ObITb UCMOWIb- 
BaH B Ka¥eCTBe HHEPTHOFO [asa WIA OTTOHKH CBOOOLHOTO cepoBoyopoya 43 
A, TAK KaK MPH 3TOM pOecc 3aTATHBAaeTCA Ha HeEOMpeeJeHHO Joroe BpeMsA, 
lu@pbl, Momyyaemble TAKUM OOPa30M, BO MHOFO pa3 IIPeBbILIalOT KOJIMYECTBO 
»OomHoro HeS, cogep»xxatleroca B Hue. OueBHAHO, B WaHHOM cJlyyae Mpote- 


Ta6nuna 1 


B armocdepe CO, B atmochepe Ng 

: é Npo- t) .| S, Mr Ha |Bpems mpo- 
CNOBHA IpOBeeHUA ONbITAa S, % « S, mr Ha aoe tans S, % K Ha iSePante) Leben 

Eee , oe ter led nee wie, BOJbI Ta, uac, 
I HarpeBaHHu C jo6apsie- ; = 
M€M BOJLbI 0,0038 | 59,16 Z 0,0020 | 33,67 
1 HarpepaHun Ge? Wo0aB- : 
HUA BOB 0,0034 | 53,88 2 0,0013 | 20,74 ~3 
| xouoqy c oOaBmeHnemM ‘ 
ba 0,0014 | 24,22 5 0,00038] 6,014 | ~2,5 


JOT mpoleccbl Kak THApHpoBaHHA, TaK H BOCCTAHOB.TCHHA, TEM Oonee, UTO 
|9TOT cueT HMelOTCA yka3aHHA (°). 

IHamu ObitM mocTaBJIeHbI OBIT! MO OTTOHKe CBOOOAHOTO CepoBOsopona B 
octbepe COz u B aTmocdepe Nz. OrroHka NpOBOAH ach MpH KOMHATHOH TeM- 
waTYpe WH Tp HarpeBaHHH Ha BOAHOH 6aHe; HCMOIb3OBaJICA KaK HaTypaiib- 
Wl, TaK M pasOaBseHHbIli HEOOJbLUHM KOJIMNCCTBOM BOAPI, IIpeBapUTeJIbHO 
PKuNAYeHHOH HU OXMaKeCHHOH B TOKE UHEPTHOPO a OnbITbI NPpOBOAHINCh 
lpH6ope IA onpeqeteHHA CysIbPUAHOH Cepbl (3). Orronka cepopogopoga 
BOLMACh LO TpeKpalleHHA BbIeIeHHA CTO, ITO KOHTPOJIMPOBaJIOCb M0 3a- 
ky HIM MO peakItHH CO CBHHILOBOM 6ymaxkKol. UroObl HMeTb ae ae 


paccuuTaTb cogepxanue HeS He TOKO Ha HaTYPaJIbHbIM WJ, HO HM Ha HJIOB 
BOLY, Mbl OMpeeIAIH TaKKE BMaKHOCTh Wa. ’ 
TlosyueHHble pe3yJIbTaTbI CBeCHbI B Tab. 1; Wndppl coxepxKaHuA cepost 
jopoya mpHBeseHbl B pacueTe Ha cepy. ; 
B tan. 1 He mpHBexeHbI ONbITHI MO OTTOHKe CBOOOAHOrO CepoBoRopona EF 
xouloxy 6e3 MOOaBJIeHHA BOLL, HO OHM BCAEACTBUE HEBO3MOXKHOCTH MepCMeHi 
BaHNd MaTepHasla TOKOM Tra3a He JalOT YAOBJCTBOPHTCbHBIX PeC3YJIbTATOB = 
otrouKka HeS cusibHO 3aTAPMBaeTCA H HHKOTa HE AOXOAMT AO KOH. 
i KaK BUJHO U3 JaHHbIX, IPHBeWeHHbIX B TAO. 1, B 34BHCHMOCTH OT YCJIOBE 
TIpOBeyeHU A ONpeAeICHHA MOXHO NOJYYHTb COBEPLICHHO pasJIMYHble BeJIM4HH 
coep2kaHua cBobogHOoro HeS B oca, 
Kax. McTrHHHOMy cCOJepKaHHIO CB 
O6omHOoro cepoBosopoya oTBeuak 
BeJIMUHHbI, NOJIYYeCHHbIe MPH OTTOH! 
HeS B TOKe a30Ta Ha XxO/IONy Cc 4 
6aBJIeHHeM BOMbI; BCE OCTAJIbHE 
ONmpeqevieHHA aloT ABHO 3aBbillle 
HbIe pe3yJIbTaTbl. OTroHKa B TO! 
a30Ta IIpH HarpeBaHHH MpHBOLUT 
BbIJeJIEHHIO, MOMHMO CcBOOogHOrO He 
elle JOMOJIHHTebHOrO ero KOJIMY 
CTBa BCJIeACTBHe YaCTHYHOFO pa3wl 
Puc. 1. Cxema mpnOopa ia ompeyemeHuaA cBO- >xKeHNA cymbpugoB. OTroHKa B a 


6oxHOrO cepoposopoya. J — KonOa JIA OTTOH- 
Ku; 2 u .38~—norsmoTuTeiu, HallojIHeHHBIe mocipepe COz Take BeqeT K pa 


pacTBopoM aletata KayMua JIOXKEHHIO YaCTH CyJIbPUOB, F 
elle Oomee pesKO MpOABAeTCA Ty 
HarpeBaHHH. 


Ha OCHOBaHMH MpOBeeHHEIX HAMA OMbITOB MOXKHO PeKOMCHOBaTb Co 
ayroujwe ycoBuaA onpeyeneHuaA cBoOoyHoro HeS. OnpeeseHue Moker OBI 
MIpOBEeHO TOIbKO Ha CBeX%KeM MaTepHase, B KOpaOeJIbHbIX YCJIOBHAX, cpa 
noce NOyYeHHA WpoOpl ero co WHa. Kon6y or anmapata WA OTTOHKH CepOEk 
mopoga (puc. 1), emkocTblo oKo0 200 Mi, 3aMOHAIOT a30TOM, 3aKPbIBaIOT 2 
poulo NOMOrHaHHOM Kay4yKOBOH MpOOKOH HM B3BeWIMBalOT Ha aMTeYHbIX Beca 
Hccenyembli MaTepuasl B KOMYecTBe 25—50 r (B 3aBHCHMOCTH OT. COsepx 
HHA H2S) momellaor B KOJIOy AIA OTTOHKH HeMocpescTBeHHO Ha Nasy6e. Kom 
3aKPEIBalOT TIpOOKOM HM B3BeWIMBalOT BTOPHYHO, ONpeseAA TaKHM OOpPa3oM FE 
Becky. Ilocue sToro Ko6y mpHcoequHAIOT K almapaTy JIA OTTOHKH, cue 
3a TeM, 4TOOEI KOHEL, TasonogqBoAAleH TpyOKH Obit-Hak MOBeEpXHOCTHIO Ha, 
almapaT MpOyBaioT a30TOM AIA BbITeCHeHHA u3 Hero Bo3qyxa. Ilocne are 
TOK Ta3a lpeKpalllaeTcs, u Yepes rasonosBoAAylo TpyOKy NpH NOMOLM py 
BHHOH BOPOHKH,| IIpHCOeCAMHACMOM Ha Kayuyke, B KOGY BaAMBalor 20—40 | 
BOJ[bI, MPeABapHTeIbHO MPOKHMAYCHHOH MW OXMaKJeCHHOH B TOKe a3o0Ta, 
9TOM KOHEll ra3o0nosBoAAueh TpyOku OmKeH Obirb Ha 2—3 mM norpyxKeH 
*KuAKOCTb. AnmapaT CHOBa MpokyBaloT a3O0TOM, Mocue Yero COxep2xKUMOe KOM 
B30aJITHIBAIOT NO OOpasoBaHNA OAHOPOAHON KalwuUb. ToK asora ycTraHaBsHl 
fOT Ha CKOpocTH pHMepHoO 80 Ny3bIppKoB B MuHYyTYy. Cogep2KuMoe KOObI Bpe 
OT BpeMeHH B30aJITHIBalOT KpyrooOpa3HEIMU ABM>KeHUAMH. OTroHKy cBOOOLHC 
HeS MpOLOKAIor oObltuHO 2—2,5 uac., KOHTPOJMpysA ee OKOHYAHHE NO peak 
CO CBHHILOBOH OyMaxKKOM WJIM 110 3anaxy, Ha KOPOTKOe BpeMaA OTCOeLMHUB Mf 
€MHUKM. Orroustoululica H2S BbIBOLAT M3 CHCTeMbI pacTBOpOM alleTaTa KalMl 
onpeyevleHue 3akaHdMBaloT HOMoMeTpuyecku (°). 

1 ma 0,01 N pacrBopa Jz coorsercrsyer 0,17 mr HeS. Conzepxanne cB06 
Horo HeS paccumTHBaioT WIM Ha HaTYpaJbHBI ul M BbIpPaxKaloT B TIpOleH 
WIM Ha WJIOBy10 BOL (M0 BeJMYMHE BAKHOCTH) M BbIPAKaloT B MUJWIMTpaMn 
Ha JIMTP. Onpefesenve Bard MPOBOAAT U3 OTIeEMbHOM HaBecKH. 

Yaz000pasubili asor GepyT u3 Oammona. Ienecoo6pasno HaOUpaTb a3o’ 
MEXMUMHCKYIO «KUCOPOAHYyI0» MOAyilIky HM y2Ke ee MpHcoequHATS K Mpu6o 
A30T O4MHLalOT OT MPHMeCH KHCOPOAa MPOMBIBAHHeM Yepes Be CKIAHKU | 
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HKO C ULleJIOUHbIM PaCTBOPOM nNuporawoa, NOCJIe€ KOTOPbIXx CTaBAT elle OHY 
TYIO. CKJIAHKY TuuleHKO B KayecTBe OpbIsroyJIOBUTeIA. 


Takum oOpasom, AIA Tpex mpo6 Uepnomopckoro usa 60 onpeleseHo 
epxaHue cBoOogHoro HeS (Ta6s. 2). 


Ta6auna 2 


| 0 A t 
Kpatkas xapaktepucTuka MaTepuana YayOuna, Baaxuocth, HS, % « na- | HS, mr na 1 a. 
M % Typ. uny UJIOB. BOAbI 


—————— eee 


M3BeECTKOBO-I JIMHHCTHIM; £BETIO- 


| 2 


cepblii 4 ; 1820 64,69 0, 00040 6,48 

| TAMHMCTHI, TeMHO-cepbI, maATHH- 

LTH 290 63,06 0, 00004 0,70 
TJIMHUCTHIM, YepHbI, OHOpOHbI 520 60,69 0,00014 2,33 


[pu mpopegzenuu orrouku cepopofopofa B atmocdbepe COz c HarpeBaHuem 
‘MpucyTcTBuH Bob (cM. Ta6u. 1) nomMMo cBOOOAHOrO cepoBosopoxa oTro- 
(eTCH KaKO€-TO KOJIHYECTBO CBA3AHHOFO cepoBosopowa. Tak Kak FeS B 3THx 
jIOBUAX TipaKTH4YeCKH He Pa3JlaraeTCA, TO MOMKHO MpeANOMORKUTb, YTO 9TAa 
icTb HeS Oblia cBi3aHa B OCa{Ke B BUJe KaKOFO-TO CpaBHUTeJIbHO JIerKO JHC- 
fMMpyrollero coequHeHUA. 
JIA nokTBepKeHuA STOTO MpelnoNOKeHUA Mb NpoBosMAu oTronKy HeS 
fa COz B NpHCyTCTBHUM HeOO/ILIWOFO KOJIMYECTBA BOLbI pH HarpeBaHHu Ha 
AAHOK OaHe — B anmapatTe Wid ompedeneHua cybPHAHOM cepbl, OMMCaHHOM 
Hee (*). Ilocne okoHyaHHA OTTOHKH (mpeKpauleHue 3anaxa HeS) ocraToK 
ammapate (6e3 pasOopa nocueqHero, a JIHLIb CO CMeHOM MpHeMHHKOB) Obl 
pa6oTaH pa36aBeHHOH COJAHOM KUCIIOTON, HM OMpefemeHHe cysbPUuAHOH ce- 
H MmpoBeyeHo Kak OObIUHO (°). 
Tipu npegpaputenbuoli orronKe B ToKe COsz ualizeno 0,0038% S, a mpu 
I30X%KeCHHU OCTaTKa TMOCIe OTTOHKH COANOM KUCOTON nomyueHo 0,0039% 
\(B pacueTre Ha HaTypasbHbi un). JA KOHTpomA ObwIo MpoBeyeHO MmpsAMoe 
| Siete CYIbDUAHOK Cepbl H3 OTJeJIbHOH HaBeCKH WJla pa3Jio%KeHHeM ero 
1, mpu atom nosyyeHo 0,0074% S B pacuere Ha HaTypaJibubl wt. Kak Buy- 
b 13. MPMBeXeHHbIX JaHHbIX, CYMMa STUX ABYX ONpeeseHHH XOpowio  corsa- 
/eTCA c Wucpok o6uero cohepxKanua cybdpuAHOH cepbl, T. €. Cepbl, CBASAHHOK 
/ KeJIe30M. ; 
| ONBITEI ObIIM MOBTOPeHLI C [IMHUCTEIM HJIOM TeMHO-ceporo UBeTa (OOpasent 
» 2 u3 TaO. 2), MpHyeM NOMyIeHbI aHAJIOTMYHbIC Pe3YJIbTATHI. . 
IlpeqpaputeibHoli orronKoli B ToKe COz nowyyeHo 0,0212% S; pasnoxe- 
fem ocTaTKa mlocue oTronKu (HCI)—0,0210% S. ee: 
Takum oOpasom, B ToKe COz B IpHCyTCTBHM BObI Mp HarpeBaHHH Ha BOLA- 
H OaHe OTTOHAeCTCA POBHO MOJOBMHA CYyJbPUANOM cepbl OCaKa, T. €. NOMO- 
Ha Ce€pbl, COOTBETCTBYIOINa KOJWIOHJHOMy CepHHCTOMy x%Kemesy — ruApo- 
OWJUTY. t 

Unser Uepporo mops cpesu pa3vIMUHbIX CePpHHCTHIX COCMHEHHM COepKat 
[potpouuT, KoTopomy Cufopenko (’) mprmucbiBaer Popmy.ly FeS on. 
abtep (§) cunTaer, uTo cocraB ero FeS - nH2O. Janumbuenko u Unurupuu (°) 
Ka3BIBaIOT, UTO KOJWIOMLHbII cybHA %elesa B UpHAOHHOH Boxe Uepxoro 
pa umeer coctas: Fe(SH)2 umm FeS - H2S, sto orseuaer cybd@rugpary. 
xpos (1°), npoBox aHasoruio c Apyrumu cyAbpuAamu, CuuTaer, UTO KOnTONNG 
€ C€pHMCTOe *Keme30 UMeeT COCTAB, OTBEYAIOUIMH FeS - HeS. Bac-Bexunr (34) 
DHBOAUT JWIH CepHUCTOrO x*Xelesa JOHHbIX OTJIOMKeCHHH dopmy Fe(SH)e. 
OjtHako yKa3aHHbIe aBTOpbl He MpHBOAAT HUKAKUX *akTHYCCKUX MaHHbIX, 
ATBepxawllux dopmMyly rHuApoTpowutTa. Tor (baxT, uTo B ToKe COs npu 
TpeBaHHu OTTOHAeTCA MOMOBUHA CyJbPMAHOM Cepbl Wa, YKasbIBaeT Ha TO, 
© ATOMBI Cepbl B MOIeKYJle THAPOTPOUNMTAa HePpaBHOLeHHb! MO MPOYHOCTH CBOeH 
a3u c xenesom. Ucxogxa u3 29TOFO MOXKHO CYHTATb, YTO B UCCJICAOBAHHBIX 
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HaMH 1poOax Wla, B3ATbIX H3 MOBEPXHOCTHbIX C/1O€B AOHHBIX ormoxkenul Uer 
HOrO MOPA, THAPOTPOWHT MMeeT CocTaB, OTBeYaloMM dopmysje FeS - HeS.7 

OuepuHO, YTO YKa3aHHOe COeAMHEHHe pH HarpeBaHHN Ha BOAAHOM OaH 
B Toke COs B MpHcyTCTBHH BOE OTIenIAeT H2S, nepexoga B FeS. 

Bo3MoxKHO, OHAaKO, YTO MPHBeeHHaA BbIWIe POPMysJa CNpPaBeWIMBa TOIbK 
JIA BePXHUX FOPH3OHTOB OcaXKOB cepoBosoposHoh soHbl UepHoro Mops, TI 
IIpHCYTCTBY€T OTHOCHTEIbHbI U3ObITOK CBOOoAHOTO H2S. Sameyeno, uTo c yraye 
JICHHeM B TOJULY OCadKa coflepKaHve CBoOoAHOro cepoBosoposa YMeHbIlaeTCcs 
BeneycrBve 9TOrO He HCKJIOUeCHA BO3MOXKHOCTb CYIIeCTBOBaHHA Hapa 
c FeS-HeS u ruxporponmuta, oTpeyatouero dopmyje FeS -H2:O (mt 
FeS -nH2O). U, naxonet, mpu orcyrcrsuu cBoOogqnoro HeS B ocaske Moe 
HaXOQUTbCA TOMbKO FeS - H20. 

BeposTHo, 4TO B mpolecce Auarenesa, C MCYC3HOBEHHEM B TOILE OCaaK 
cBOOOAHOrO CepoBosoposa, MOXeT HMeTb MeCTO Mepexo, rHApoTpouuTa w 
tbopmpi FeS - H2S Bp FeS - H2O (uu FeS + nH2O) 3a cuer orileneHua Move 
Kysbt HeS or mepBoit v3 yKasaHHBIx (opm. OcBo6oxaroululica mpu 2ToM Hes 
BO3MO2XKHO, CBA3bIBaeTcCA B FeS + H2O noxBuxKHbIMH OpMaMH 3aKHCHOFO XE 
J1e3a, H3ObITOK KOTOPOrO MO OTHOLMIEHHIO K CYJIb(UAHOH Cepe AIH YePHOMOPCKH. 
ocaakos ormeyen H. M. Crpaxospim (}%). 

Cmelyer OTMETHTb, YTO B YEPHOMOPCKHX OCaKaX HaMH ObIO yCTaHOBJIeH 
TakxKe HasIMuue CepHUCTOrO 2%Kese3a, OTBEYaIOMero (Popmyvie FeS, Koropoe Obi 
HalieHO HaMH B CYyJIb(pHAHbIX KOHKPeWMAX HM MOLpoOHO onucaHo (1%). 

CyulecTBoBaHHe cepHucToro *Kelesa B dopMe FHAPOTpouMHTa, MMeroUer 
dopmysy FeS-HeO, BecbMa BepOATHO, HO 9SKCIePHMeHTAJIbHBIX OKase 
T@JIbCTB MO aHHOMYy Bompocy ene HeT. Ja NOATBepxKAeHUA CYLeCTBOBaHHA 
ocatkax FeS - H2eO u onpeyeseHuA MyTH NpeBpallleHHA TUAPOTPOMINTa B MP 
put (MapKa3HT) HeOOXOJMMbI JlaJIbHeHLIMe SKCNEPHMeHTAJIbHbIC HCCeAOBAaHHA 

B 3aK104eHHe CUMTAIO CBOMM JouIroM noOjarofapuTb 9. A. Ocrpoymosa 3 
pa CcoBeTOB B xOJe aHHOM padorHl. 


VWuctutyT oKkeaHooruu Tlocrynuo 
Akafemun Hayk CCCP 7 I 1959 
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JMokaagp Akanemun Hayk CCCP 
1959. Tom 126, Nb 1 


FEOXHMHA 


B. B. KOBAJIBCKHH u C. B. JIETYHOBA 


SHAYEHHE WJIOBOK MUKPO®JIOPbI B MATPALLHM 
KOBAJIBTA HW MPHCHOCOBJIEHHE MAKPOOPFAHK3MOB 
K CPEWE B BHOFTEOXHMAYECKUX NPOBHHILMAX 
C PA3JIM4UHbIM COJEP)KAHHEM KOBAJIbTA 


(ITpedcmaeaeno axademuxom A. II, Buxoepadoseim 10 I 1959) 


HispectHo, 4To KOOasIbT BXOJMT B CocTaB BUTaMuHa Biz, KOTOpHIi CMHTe3H- 
ie TOJbKO MMKpoopraHH3Mamu. Ilostomy no cosepkannio KOOabTa uM 
aMvHa Biz B uslax (BKIIOUaA WOBYIO MHKpO®sopy) MOXKHO CyMHTb O cTe- 
HM BOBJeYeHHA KOOaJIbTa B OMOreHHY!O Murpallui. 
_Lenb1o padorbl ABHIOCh U3yYeHHe poH MIOBOH MUuKpOOpbI pa3IMUHBIX 
e€CTBCHHbIX BOAOCMOB B MUrpalluH KOOaIbTa B OMOreOXHMMYeCKUX MPOBHH- 
X C U3ObITOUHBIM ero cofepxKannem (JlacradiopceKni u CrenaHakepTcKnit 
“oubt Asep6CCP), c yMOBJeTBOPAIONIMM NOTPeOHOCTh OpraHH3MoB (IleHTpasb- 
yepHo3eMHad 30Ha — Kypckasa oO.) HM HeocTaTOUHBIM (IleHTpaJIbHaa He- 
pHO3SeMHaA 30Ha — SpocuaBcKkaa u Koctpomckas o6s1.) colepxkaHuem 3TOrO 
pmMeHTa (1). B 3aqauy ucceqOBaHHH BXOJHJIO BbIACHeHHe 3aBMCHMOCTH CTe- 
HM HM XapakTepa MMrpalluu KOOaJbTa B WlaX BOAOeMOB OT CBOHCTB MUKpoduio- 
“HOT COJlepxKaHUA KOOaIbTAa B MJIOBbIX OTOMKeHHAX. 
| aaa ompefeeHo coflepxKaHue KOOasbTa M BUTaMHHa Bie B WJIOBbIX OTVIO- 


jHuaAx 96 CTOAUNX BOJOeCMOB B OHOTeEOXHMHYECKHX MPOBHHIWAX C pa3JIMYHbIM 
lOBHeEM KOOasIbTAa *. 
Ha ocHoBaHHu MOJYYeHHBIX MaTepHaJIOB BHIYHCJICHO KOJIMYeCTBO H/IOBOrO 
1 CBA3aHHOrO C BUTaMHHOM Bie, HM MpOWeHT NOTpeOeHuA UJIOBOTO 
aJlbTa JIA CHHTe3a STOO BUTAMHHAa, TO yKa3blBaeT Ha CTemeHb yuacTuA 
BOli MUKPO(JIOpbI CTOAYHX BOAOeEMOB B MHIpalluH KOOabTa. JA pacueTos 
HW UCNOJb30BaHbI JaHHble O CpeqHeM COJep2xXaHuu KOOaJIbTa W BUTaMHHA Bie 
acce ula B 720 T (nuomlayb AHa Bosoema B | ra pM TOMMMHE COA ua B 
M) WIA KaxkKOl u3syyeHHO OnoreoxuMuY4eCKOH MpoBHAMH (Tabu. 1). 
‘Us ra6n. 1 cnegyer, 470 powb HOBO MukKpopsopbi B MurpallHM KOOasbTa 
"TEM BKJIIOUCHHA CFO B BUTAMMH Biz) O¥eHb MaJia BO BCX H3YYeHHbIX Ouoreo- 
MYeCKUX MPOBMHWHAX: B OOOFalleHHBIX KOOaIbTOM wax v3 10800 r ko- 
bTa, cowlepxKatleroca B 720 T MuIOBbIX OTOKeHHH, TOMbKO 0,372 Tr BXOLUT 
octaB BuTamuHa Bie, uro paBHo snub 0,0034% K oOllemy KOuIMYeCTBy 9TOrO 
MeHTa B wie. B o6eqHeHHBIX KOOabTOM Hsax U3 1800 r unoBoro KOOabTa 
utamunHom Biz cas3ano 0,696 r qaHHoro Metasua, T. e. 0,0386% ko Bcemy 
DaJIbTy, COJep2xallemyca B Me. : 
B pa3iM4Hbix OHoreoxuMMueCKHX MPOBMHIMAX HEOAMHAKOBA POJIb WJIOBOH 
Kpodbiopbl B Murpalluu KoOaibTa. MukpoopraHMsMbl, oOuTa‘ollve B Wax, 
HbIX KOOaJIbTOM, IPHHUMAIOT B Ba pasa Oovlee AKTHBHOe yyacTHe B MUrpa- 
3TOrO SyIeMeHTa MO CpaBHeHHIO C MUKPOOPraHH3MaMH WIOB, OOraTBIX KO- 
bToM. B wulax, GeAHbIX KOOasIbTOM, HaOsIOfaeTcA G6ouee MOJIHOe HCHOJIb30- 
we KOOalbTa MUKpotbsopol WA cHHTesa BuTaMMHA Bie (mpoleHT KOOasbTa, 
3aHHOTO C BHTaMHHOM Bie, KO BCeMy KOOaJIbTy, COepxKalllemycaA B We, B 
pas Gombe, 4eM B Wslax, OOorallleHHbIXx KO6aJIbTOM). 


* KoOabT ompesemAsIcA C MOMOL{bIO HuTposo-R-couH (2); BuraMHH Biz — MAK pOCHOOL Es 
AM MpoOupounbim Metogom c Escherichia coli 113-3 B kayecTBe TecT-o6bexKTAa (*). 
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Ta6auua 1 

“ 

3HaueHHe MOBO MUKPOWMOPb! CTOAYMX BOJOCMOB HU CHHTe3a C10 BAUTAMUHA Big B Murpallr 
KOOayIbTa B 6HOreOXMMHMYCCKHX MPOBHHWHAX C Pa3JIMUHbIM eo COMepwKaHHeM 


t 


Cpefnee cofepxanue HU mpe- BOC at Kooasi 


Jlevibl HSMeEHEHHH (Ha CbIPOH CBA3aHHI 

* 
Buoreoxumuyeckue ua *) Bec KOOanbTa B| C BUTAME 
wea Bey. KO6aIb-| BUTA- | cocrape |HOM Bia, 
NpOBHHIMH puTamMuHa Bis, 2 Wa cio BHTaMHHa |K KOOaJIb' 
Ko6asbTa, % 1-% 12 Bie B use 


C w36bITKOM  KO- AR ord Ome 
OambTa 0,5:10-8— AP, ; 
—7,5-10-8) | (0,02—6,0) | 720 |10800 | 8,28 | 0,372 0,0034 


C cofepxkaHvem ko- 
O6abTa, YOBeT- 


BOPAIOLNLUM 10- 3,8-10-4 
TpeOHOCTh opra- 3,5:10-4— 19) 
HU3MOB —4,7-10-4) | (1,1—-3,7) | 720 | 2772 |14,04 | 0,630 0,0227 
C HefocTaTKOM Ko- ons 
6abTa _ | (0,9: 105°— pay 
—4,5-10-4) | (0,145—8,2)] 720 | 1800 |15,48 | 0,696 0, 0386 


* BoaxkHocTth ua 50%. 


Buorenuad MUPpalluaA XHMMUYECKHX- 9JIEMCHTOB B 3HAYHMTEJIbHOH CTener 
3aBHCHT OT MPHpOsbl, CBOMCTB H HCTOPHH pa3BATHA OPraHH3MOB, B YaCTHOC! 
OT HX CMOCOOHOCTH WIM HeCMOCcOGHOCTH MpHcnocaG/IMBaTbCA K OMpeeeHHON 
cojlepxKaHulo TOrO WIM Apyroro xuMuyeCcKOrO SJIEMeHTa B CCTECTBEHHOH Cpe; 
oOuTaHua. J]a BbIACHeHHA MPHYMH Ooee aAKTHBHOTO BKJIOUCHHA KOOaJIbTAa 
CHHT€3 BHTaMHHa Biz MUKpOdsOpoH OGeAHEHHbIX STHM JJIEMCHTOM HWJIOB Hay 
MpoBeseHO B YCJIOBHAX OMOreOXHMMYeCKUX MPOBHHUMH, OeAHbIX U OoraTHixX K 
OaJIbTOM, CPaBHHTeJIbHOe U3yyeHHe OnOMOrHYeCKOH peaKUHH HJIOBLIX MUKPOO 
TaHH3MoB (pocta uM OOpa3s0BaHuA BUTaMHHa Biz) Ha pa3JIMUHbIe KOHLWeHTpallt 
KOOaJIbTAa. 

M3yyeno 570 wiTaMMoB aKTHHOMMUeTOB HW OakTepHA, BbIeeHHbIX 3 WJ 
Ppa3IMYHbIX MpoBuHuuH. IIpu BelOope KOHWeHTpalHH KOOabTa (B Buse XOp 
croro KoOasbTa — CoCle -6H2O) Aaa uccneqoBaHul pocTa H BUTaMHHOOOp 
S3OBaHHA YYHTHIBaAJIOCbh COJepxKanHe STOFO BIEMeHTA B WAX, YTO TIpH PellieH! 
NOAOOHHIX BOMpOcoB APyrHMU aBTOPaMH He MPHHUMaJOCb BO BHMMaHHe. Camo 
HH3KOMY COJep%KaHulo KOOabTa B Wax, OOCIHEHHbIX STHM JJICMEHTOM, COC 
BeTCTByeT 7 MI XJIOPHCTOFO KOOasIbTa Ha JIMTP, CAMOMY BbICOKOMY COep>KaHk 
KoOaJlbTa B Wax OOorallleHHOH uM npoBHHinu — 240 mr/n. B nawmux onpit 
MbI MOJIb3OBaJIMCb KOHICHTPalHAMM XJIOPHCTOTO KOOabTa, OXBAaTbIBaIOULM 
coflep2KaHve KOOaIbTa B WJlaX BCeX MCCeEAOBaHHbIX MPOBHHUAH. OnviTet op 
BOJMJIMCb Ha M€MTOHHO-KYKYPy3HOH cpefle c WOOaBNeHHeM CeAYIOUUX KO 
WeuTpalluhH xsopuctoro KoOabta: 2; 37; 65; 100 u 240 mr/x. 

Takad MOCTaHOBKa OMBITOB aBaJla BO3MOXKHOCTb BbIABHTb OCOOeCHHOC 
OvoOOrMuecKOH peak Ha H3yYAeMble KOHWeHTpaluu KOOabTa y MHKPOOpT 
HH3MOB, H30JIMPOBaHHbIX H3 HWJIOBbIX OTJIOXKeHHH OMOrTeOXMMMYeCKUX MPOBE 
IMM C pa3JIM4HbIM COJepxKaHveM KOOaJIbTAa. 

Misyyenue pocra MHKpoopraHH3MOB MPH yKa3aHHbIX KOHIeHTpalMAax XJ 
puctoro KoOastbTa MOKasal0, YTO Pa3sJIMUHbIe MAKPOOPraHH3Mbl OGala‘oT 4 
OAMMHAKOBOM YYBCTBUTEIbHOCTHIO K KOOaJIbTY H MOFyT ObITS pasfleNeHbI 10 3TO} 
Mpu3Haky Ha Tpw rpynnpi (Taba. 2). 

IlpeqcrapienHple B Ta6. 2 AaHHble NOSBOUIAIOT MPHHTH K 3aKIIOUeHHI, 4 
CMOCOOHOCTh MUKPOOPpraHu3MOB K POCTY HeEOAMHAaKOBa B YCJIOBMAX pa3/MUHI 
KOHIeCHTpalluh KOOaJIbTa B OTACIbHbIX NPOBHHUMAX. Tloqapnsatouee OoMbIUIP 
CTBO WTamMos (88,2%) MHKPOOpraHW3MOB, H30/IMpOBaHHLIX M3 HOB, O60! 
IlCHHBIX KOOaJIbTOM, CMOCOOHO pacTH B MpeemaX KOHIeHTpalluit xnopucre 
KOOaIbTa oT 2 Jo 240 mr/n. Us uncna wraMMOB aKTHHOMHIeTOR u OakTepl 
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Ta6auna 2 


Buauanve pasmmunbix KOHWenTpalnit XJIOpHCToro KOOambTa Ha pocT MUKpoop- 
TAaHHSMOB, H3OJIMPOBaHHBIX U3. WIOB OMCreOXHMMYeCKUX MPoBHHILH c pa3n4y- 
HBIM COfep*KaHvemM KOOabTa 


<a i ee 


Konuuecrso OpraHH3MoB, cnocoGHEIx pacTu 
Np Pa3sHbixX KOHWEHTPayHAx CoCle, % 


BuoreoxuMuyeckHe MpoBuHHH ina aaa a a 
2—240 mr/a 2—100 mr/a 2—65 Mr/a 
C HwefoctatTkom KoOampta. 20,0 30,0 | 50,0 
C cofepxKanuem KoOambTa, yqoBner- 
BOPAIOLMLHM NOTpeOHOCTL OpraHus- 
MOB 31,6 25,4 43 ,0 
C ws6bITKoM KoOabTa 88 ,2 11,8 0 


CENAIOWUX WJIbI, OO€MHEHHbIC KOOaJIbTOM, OoubWaA YacCTb OPraHH3MOB pacTeT 
Ib B y3KHX MpefesaxX KOHUeHTpallMH xslopucToro KOOambTa — oT 2 yo 100, 
oOeHHO oT 2 Jo 65 mr/. Takum O6pa3s0M, MUKpoopraH¥3Mbl WIOB, O6orallleH- 
IX KOOaJIbTOM, aalTHpOBaHbI K pocTy MpH GOosee BHICOKUX KOHWCHTPalUAX 

TO 3JIEMeHTa 10 CPaBHEHHIO CO WITaMMaMH, BBIJIeICHHbIMH H3 WJIOB, OGeJHeH- 
KIX KOOaJIbTOM. 

Hamu noka3aHo, 4TO noJaBsArollee GombIUMHCTBO (oKO0 90%) uccmeqoBaH- 
bX MHKPOOpraHH3MOB OOsaaeT CnOCOOHOCTHIO MpOAyYUHPORaTb BUTAaMHH Bie. 
BHTAMMHOOOpasoBaTeJIAM OTHOCATCA Bce 20 u3yYeHHbIX BUYOB aKTHHOMHLe- 
B (OcHOBHBIe H3 HUX: Act. olivaceus, Act. levoris, Act. globisporus, Act. 
Ntibioticus); Bce, 3a ucKksI0oueHHem Bac. mesentericus, cnopopble 6akTepuu 
Bac. mycoides, Bac. subtilis, Bac. cereus, Bac. idosus, Bac. megatherium), 
|TakxKe MOJIOBHHA U3YYCHHBIX MHKOOakTepuH uw OeccnopoBbix OakTepui. 
HOBHad Macca 3THX MAKpoopraHH3mos (71%) npoxyuupyer coTble JOM MUK- 
brpaMMa BuTaMuHa Biz Ha | MA KysbTypbl. 

_ BowbiivHCTBO MHKPOOpraHH3MOB, H30JIMPOBaHHBIX M3 HWJIOB, OOorallleHHbIx 
DOaIbTOM, OGJIaZaeT CMOCOOHOCTHIO XOPOLIO CHHTE3HPOBaTb BUTAMHH Bie B WIN- 
KUX MpesewaxX KOHWeHTpallui xopuctoro KoOambTa (41,7% wramMMoB MHK- 
OpraHH3MOB Mp KOHIeHTpalluAx xXOpucToro KoOabTa oT 2 Jo 240 mr/a; 
4%— ot 2 no 100 mr/n). Tlogapnsatoujee OoubIIMHCTBO KYJIBTyp, BbIJeueH- 
IX H3 HJIOB,’ O6CAHCHHbIX KOOaJIbTOM, OOpa3yeT BHTAaMHH Biz JIMWb B Y3KHX 
efleaX KOHIeHTpallu xsopucroro KoGaibTa (29,2% wTamMMoB — pH KOH- 
HTpauuax or 2 go 65 mr/a; 51% —or 2 go 37 mr/n). Cuntes BuTamuHa 
MMH KYJIbTypaMH pH Ooslee BEICOKOM COfepKaHHH XOpucTOrO KOOaJbTa 
cpefle nofaBlAeTCA YaCTHYHO MIM MOJIHOCTbIO, 

Hlonyuennbie JaHHble CBUZeTebCTBYIOT OO aflanTall\MH OCHOBHOM MaCCbl MUK- 
OpraHv3MoOB, OONTaIOlMx B OOorallleHHbIX KOOaJIbTOM WJlaxX, K CHHTe3y BH- 
MuHa Biz mp Ooslee BBICOKUX KOHICHTpalluAaX XOPUCTOrO KOOasIbTa TO CpaB- 
HHIO C KYJIbTYPaMH, BbIJeIeCHHbIMH H3 OOeAHEHHbIX 9THM SJIEMCHTOM HVJIOB Hi 
alTHPOBaHHBbIMH K Coulee HH3KMM KOHIeHTpalluAM KoOasbTAa. 

Hamu ycraHoBJeHo, ¥TO MpescTaBuTenH Bua, OOuTaIOMIMe B uax, OOora- 
CHHbIX KOOaJIbTOM, CMOCOOHEI pacTH U CHHTe3HPOBaTb BUTAMHH Biz (B ycuo- 
AAX VUCKYCCTBEHHOFO KYJIbTHBUPOBaHMA) MPH Oomee BbICOKUX KOHMEHTpaluAx 
o6albTa MO CpaBHeHHIO CO WITAaMMaMH TOrO %Ke Bua, HaCeJAIOULMMH HVJIOBBIC 
TOKEHUA, OGeMHEHHBIC KOOaMbTOM (Tas. 3). 

TIpopefeHuple uccieqOBaHuA MOKa3aJiu, YTO UJIOBaA MUKpodlopa BOXOeMOB 

OvoreoxuMMYeCKUX MPOBHHWAX, B pasJMYHOH cTeMmeHH OOOrallleHHBIX KO- 
AJIbTOM, XAPaKTepu3yeTCA 3HAYHTebHOH M3MCHYMBOCTHIO (pu3NOJIOrMYeCKUX 
PH3HaKOB — pOCTa WM CMOCOOHOCTH CHHTeSHPOBaTb BUTAMMH Biz, 3aBHCALLIMX 
JaHHEIX YCOBHAX OT KOHWeHTpalluu KOOalbTa. Takad W3MCHYMBOCTbh MHKPO- 
PraHv3MOB CJY2KUT OCHOBOl mpHcnocoOMeHHA MX K Pa3JIMNHBIM KOHICHTPa- 
AM KOOasIbTAa B Cpese. MukpoopraHH3Mbl, 2KMBYIUME B HJlaXx, 6oraTbIX KOOaJIb- 
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po ha 


TOM, YCTOHMYMBBI K BbICOKHM e€FO KOHICHTPallMAM, XOPOUIO PasBUBaloTCcA B oT 
yCNOBUAX, HO CHHTe3 BUTaMMHa Biz y YaCTH UX OCMAOMeH BCMEMCTBUE TOPMOX! 
HUA STO OMOxMMMYeCKOH (byHKIMM U3ObITKOM KOOambTa. TopMoxKeHve CHHTE: 
BpuTamuHa Biz y WuIOBbIX MAKPOOpraHv3MOB OblIO HAMM SKCIe€PHMeHTAJIbHO J 
KagaHO B IIPMpOMHbIX yCOBMAX MPH HCKyCCTBeHHOM yoOpenun HeEOOJI bOI 


TaoO a0 ul ae 
Bausanne xuopuctoro Ko6abTa Ha pocT HM OOpasoBaHHe BHTaMHHAa Big MMKpoopraHu3smay 


OMHOTO Bua, BbIAeJICHHbIMH M3 WIOB B OMOreOXHMHYECKUMX MPOBHHUMAX C W3ObITKOM HM H 
ocTaTKOM KOOaJIbTAa 


Coyepxkanne BHTaMHHa By B KyJIbType Mp 
pasHbIxX KOHUeHTpayuax CoClh, y/Ma 


No BuoreoxuMuyeckar 
MyxkpoopraHH3M mTaM- NpOBHHINA, H3 KOTO- 
Hae DOW BER H Es ram 2uryjn  |37 mr/a {65 mrya [100mr/n| 240 mr/n 
Act. levoris 329 C u36bITKOM KO- 
OambTa 0,099 |0,090 |0,088 |0,085} 0,090 
118 To ae 0,065 {0,063 |0,072 |0,065} 0,063 
789 | C HemocraTKOM KO- 
OaubTa 0,140 0,120 j0,052 HeT pocTa 
616 To *e 0,182 |0,155 0,055 HeT pocta 
Act. olivaceus 154 C u36bITKOM KO- 
OaubTa 0,120 10,128 10,142 |0,148)) 105156 
474 To xe 0,420 |0,520 |0,580 |0,540| 0 
793 C HeqoctratTKoM kO- 
OaubTa 0,290 0,283 |0,041 HeT poctTa 
843 To xe Dp AAs) |) 72a 0) HeT pocta 
Bac. megatherium| 83 C u36bITKOM KO- 
Oambta 0,095 10,085 |0,092 |0,094] 0,092 
75 To xe 0,100 0,105 |0,105 |0,1021 0,407 
614 C HemoctaTKOM KO- 
OambTa 0,019 0,020 |0,0062 HeT pocta 
854 To #*e 0,060 |0,058 |0,010 HeT pocta 
Mycobacterium sp, | 146 C u36bITKOM KO- 
OabTa 0,080 {0,082 |0,072 |0,081| 0,080 
673 | C HegocTaTKomM Kko- 
6abtTa 0,0070 |0,008 j0,0082 HeT pocta 


BOJO€MA XJIOPHCTbIM KOOaJIbTOM. YBeMHYeHHe KOHIEHTpallud KOOaIbTa B UI 
ot 7-10 no 4,3-10°% npuBeno uepes 3 mec. K YMeHbINeHHIO cosepxKaHy 
BUTaMHHa Biz B une c 12 Jo 3,52 y-%. Tlonuxxkenne cnocoOHocTu CHHTesHpoBal 
BHTaMUH Biz Opwio NOATBEpxAXAeHO B YCJIOBUAX KYJIbTHBHPCBaHHA WJIOBbIX MUI 
poopraHv3MoB MpH AoOaBleHHM K Cpee BLICOKMX KOHLeHTPallMi XMOpHCTO!I 
KoOabTa. MukpoopraHu3Mbl, 2KMBYUIMe B Wax, OeMHbIX KOGAJIbTOM, He YCTOI 
4HBbI K MOBbILMCHHbIM KOHIeHTpalluAM KOOaJIbTa, HO XOPOWIO CHHTeESUPYWWT BI 
TaMHH Bie pH NOHMXKeCHHOM COJep%KaHun KOGOabTa, O6alaAt MOBbILIeHHC 
CNOCOOHOCTHIO HCNOIb30BaTb KOOaJIbT AIA CHHTe3a STOO BUTaMUHa. Ouesn nt 
B OMOreOXHMHYeCCKHX NPOBMHUMAX C PasIMYHbIM CofepxKaHveM KOOaJIbTa ws 
BbI€ MHKPOOPraHusMbl OOPasy1oT COOTBETCTBYIOUIMe tbusHOOrMuecKHe (OpME 
Pa3IHYHO MpHcnocoOseHHbIe K PocTy HM CHHTesy BUTaMMHa Bie. 


MucturyT reoxuMun M aHaJIMTHYuecKOl XMMUH Hoctynusto 
uM. B. MW. Bepxagckoro 5 I 1959 
AkaJlemuu HayK CCCP 


UHMTHPOBAHHAA JIMTEPATYPA 


z B. B. Kopaabck ui, Hoppe HalpaBiennsa u 3aqayn GuomorMueckoit xMMuH Cen 
CKOXOSAHCTBCHHDIX 2KHBOTHBIX B CBA3H C M3y4YeHHeM OHoreoxMMHUeCKHX MpoBuHuUnli, 195 
: A. WW. Maatwora, COopu. Merogni olpeseleHHa MHKpooemMeHTos, M3q. AH CCCP, 195 

B. H. Bykun, Jl. A. Apemxuna, J.C. Kyuesa, Buoxuus, 19, . 6 (1954 
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Jloxnagn Akayemun Hayrk CCCP 
1959. Tom 126, N 1 


OKEAHOJIOPHA 


T. B. CEYUKHHA 


JMATOMOBBIE B JWJIMHHOM KOJIOHKE JOHHbIX 
OTJIOKEHUM U3 ANOHCKOFO MOPA 


(Tpedcmaeaeno axademuxom H. M. Cmpaxoeoim 10 I 1959) 


‘([\aa BbItCHeHHA CTpaTHrpadHH JOHHBIX OTOXKeHUH MOpeli H OKeaHOB WH- 
#<O TIPHMCHACTCA MeTOX AHaTOMOBOrO aHaJIv3a. OTHM MeTOXOM UHCcTeLOBa- 
Cb KOJOHKH JOHHBIX OTJO*KeHHH OxorcKoro wu Bepuxuropa MopeH, pana 
“oHoB Tuxoro, Atmanruueckoro u MuguiicKxoro oxeaxos (13, &), 

B 1957 r. skcnequuHel Ha cyqHe Mucturyra okeanonormu AH CCCP «Butsa3b» 
fla B3ATa MOPWIHeEBOH TpyHTOBOH TpyOKOH KOJIOHKa JOHHBIX OTJIOKeHHH 
*lnoHCKOM Mope, HHO 17 mM. KowoHka nosyyena c rayOunb 3504 Mm B Ce- 
HOH YacTH KOTJIOBHHbI SMOHCKOrO MOPsA, MpHMepHO Ha wMpore Caurap- 
oro mpomuBa (41°09’ 6 c. m., 135° 18’06 B. g.). uaTomospie usyyeHb! B 96 06- 
Wax KOJIOHKH C HHTepBaJIOM OT 3 oO 30 cM. 

Hccneqopanue JMaTOMOBbIX NOKa3aJlO, UYTO OHH pacnpeyeseHbI 10 AWIHHE 
VIOHKH H€paBHOMePHO: MMEIOTCA TOPH3OHTHI, OOOralleHHble CTBOPKaMU Ha- 
OBbIX, H TOPH3OHTbI, HHOTa MOWLHOCTbIO B HECKOJIbKO M€TPOB, MOUTH He 
Hepxkallue AuaTOMOBbIxX. HecoMHeHHO, UTO 3a BpeMA HakorJeHHA 17-merpo- 
TOMULH OCAKOB MPpOHCXONNJIO YepesoBaHHe ycIOBHH, Oouee H MeHee Osaro- 
HATHBIX JIA pa3BATHA MaTOMOBBIX. 

Ocuopbipaich Ha H3MeHeHHAX BHAOBOFO COCTaBa, COOTHOUICHHU SKOJIOTH- 
CKHX IpyNMHpoBoK uM duToreorpaduyecKkOH MPHHaexKHOCTH MHaTOMOBBIX, 
JIOCb pa3sJeMTb BCIO TOJIULY ocaqkoB Ha 5 ropHsoHTOB. KaxkAbIh U3 STHX 
H30HTOB COJep2KUT CBO KOMIMJIeKC WHaTOMOBbIX HM OTBeYaeT OMpeeeHHOMY 
ny B ucTropuu pasBuTua AnoncKoro mops. Ilo Bee AIMHe KOJIOHKM Jo- 
\HUPYIOT YETBEPTHYHbIe AHATOMOBBIe, M3 Yero CJIeLyeT, YTO KOJIOHKA HE BBI- 


TaOmunua 1 


Uncno BULOB pasMMUHbIX TpyMM AWaTOMOBEIX MO TOPH3OHTaM 
| 
Topu30HTpl 
1V 
Tpymna {uaTOMOBbIX 
x a I sa II »HemMas“ cmon Cc W 
TOMULA MWaTOMOB. 
' Uerseptuunpie 
MOpcKHe 45 On V2, — 39 66 
| UerpepTHuHpie 
| IIpeCHOBOJHbIe 6 DP 7 — 12 2 
Tperuunple me- 
peoTsOKeHHbIE 7 7 7 cD 8 1) 


a 3a MpeAeIbI OTMOXKCHHH YETBEPTHYHOTO BOspacta. TperHuHble AHaTOMOBbIe 
MMCYTCTBYIOT B KOJIOHKe BO BTOPHYHOM 3aJleraHHH M MPpHTOM B HeSHauHTeiIb- 
M KouMUecTBe, B ta6m. 1 moKa3aHO paciipesevieHHe MOPCKHX H IIpeCHOBOJ- 
IX UCTBEPTHUHBIX H MePeCOTIOXKEHHBIX TPETHYHBIX AHATOMOBBIX M0 TOPHSOHTAM. 
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Kak BHHO u3 Ta6a. 1, TpeTHUHbIe AHaTOMOBbIe pactipeseJeHb! JOBOIb! 
paBHOMepHO nO Bceli AIMHe KOOHKU. CalezyeT OTMETHTb, YTO Ha 3allaHOM Ti 
Gepexbe AnOHHM HaxXOAATCA MHOPOUNCJCHHBIC 3aJle2KH AMaTOMHTOB TpeTH4HO 
BO3pacta —KaK MOPCKOrO, TaK H MpecHOBOAHOrO TeHe3suca (2°). Pa3MbiB aT 
JMaTOMUTOB ABJACTCA, MO-BUZMMOMY, OXHHM 3 OCHOBHBIX HCTOUHHKOB I0CT 
I1J@HHA} TPCTHYHLIX JMaTOMOBEIX B OCaXKH SMOHCKOrO MOP. Kpome TOr 
TPeTHYHbIC AHATOMOBbIe MOTVIM NOMAaCTh B OCaLKH B Pe3yJIbTaTe PaSMbIBa K 
peHHBIX NOpoy Ha AHe HMoHCKOrO Mops. 

Huxe jaerca xapakTepucTuka 5 rOpH30HTOB, pasJIM4aIOULMXCA KaK IO C 
cTaBy, TaK H 110 OOMsHIO BCTpeYeHHbIX B HAX JMATOMOBBIX. 
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Puc. 1. TponentnHoe cooTHouleHe BHJOB paauIHUHEIX HTOTeO- 


rpadmueckux rpymll MopcKHX 7MaTOMOBEIX 0 ropu3oxTam (/—V). 
1 — apxtuueckne 2— apKTo-Oopeambubie, 3 — cepepHo-Gopeasb- 
HBIe, 4 — 10%KHO-Gopeabubie, 5 — TPOMMuYeCKHe , 


I ropu30HT (0—140 cm or Bepxa kouOHKH; 7 OOpasloB). Ocay 
NpeAcTaBJeHb!I TIMHUMCTHIMH Hamu (Gomee 70% menuTOBOH dpakuun). Ji 
B OOpasle B HHTepBasle 20—23 cM AHaTOMOBbIe COHAPyXeHb! B Macce, py! 
oOpa3lbl cosepxKaT 3HAYHTeJIbHO MeHbIUe WHaTOMOBbIX. Dwopa I ropu3or 
COCTOHT [TvlaBHbIM OOpas0M H3 MOPCKHX OopeaJIbHbIX BUOB, C HEKOTOP! 
npeoOaqaHnem ceBepHo-6opeabubIx (puc. 1). OrcyTcTBHe apKTHYeCKHX 1 
OB OOBACHACTCH TEM, YTO 1ORKHAA TpaHhlla UX pacnpocTpaHeHHA, NO Hall 
JAHHbIM, B COBPC€MCHHbIX MOBCPXHOCTHBIX OCaKaX SINOHCKOrO MOPS He Ol 
cKaeTca HuxKe 42° c. um. JlomuHupyrollumMH Bugamu I ropu3sOHTa ABJIAI07 
Melosira sulcata, Podosira stelliger, Cyclotella stylorum, Thalassiosira exe 
trica, Coscinodiscus lineatus, C. obscurus, C. perforatus, C. stellaris, Ac 
noptychus undulatus, Actinocyclus ehrenbergii. B sKkonormueckoM OTHOI 
HAM dslopa nepBoro ropHsoHTa MpescTaBleHa OKeaHHYeCKHMH, HePHTHYeCKH 
M CyONHTOPaJIbHBIMH BHAaMH, MpHyem mocneqHHe coctaBssioT 20,0% orf 
Wero YHCIa MOPCKHX BHIOB, a nmpecOmaqaloT OKeaHHYecKHe Bub (51,1 ‘ 

HeoOxoxumo OTMETHTb, YTO NONORKeHNeE CTAHUMM, Ha KOTOPOH BB3ATA 
JIOHKa,— B CPaBHKTeIbHO HEOOJIbIIOM yJaeHHH OT OeperoB u B CMelIaHl 
OK€aHHYeCKO-HeEpHTHYeCKOH 30HeE — OOyCIOBIMBaerT HaxXOKTeHHeE B OCALI 
STOH KOJIOHKM JHaTOMOBHIX pa3JIHYHOH SKOJOrMYeCKOH NpHHaexHOC 
Kpome Toro, HaxoxJeHve B OCaKaX peKHX BUJOB, He CBOLMCTBEHHbIX BO; 
STO YaCTH MOPA, MOXKHO OObACHHTb TEM, YTO STH BUI MPHHOCATCA ciola 
MeCT HX OOHTAHHA TEYeCHHAMH — XOJIOJHBIM IIPHMOPCKUM H TENJIbIM ILyCHMCK 
TaK KaK CTaHIMA, Ha KOTOPOM B3ATa KOJIOHKa, MO CBOeEMY MECTOTOJIOXKEE 
mpHypoveHa K 30HE CMeIN€HHA THXOOKeaHCKOM HM AMOHOMOPCKOH mOBepxHt 
HbIX BOJHBIX Macc. 

I[ropusout (140—280 cm; 8 o6paszuos). Ocayku mpencraBueHi I 
HHCTBIMA WJlaMH. HanOomee mOJIHO TOpH30HT MOXKeT ObITh OXapaKTepH3O 
moO cocTaBy BuZOB B cioe 181 —184 cm. J[pyrue cnou stToro ropu3oxta 6e) 
qMaTOMOBbLIMH. Dyopa pesKO oTmMYaeTCA oT duopH I ropu30HTa. 3HauHTE 
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i mpouweut (33,3%) B ocagKax II TOPu3OHTa NawaeT Ha ROMO mpecHoBoy- 
iX BHJOB. CpeqH MOpcCKHX BHOB npeobsamartor HeputTuyeckue (37,8%), 
CaHUYCCKNe BUAbI COCTaBAAIOT 29,7%, a cyONTOpanbHBIe 32,4%,. @Muopa II 
DUSOHTA 3HAYHTebHO Oosee XONOAHOBOLHAA, em cbiopa | TOPH30HTa: XOTA 
YUCY BHLOB Takx%Ke MpeoOsaator ceBepHo-GopeaJbHbIe, HO BCTpeuaeTcaA UH 
THOMYHBIX APKTHYCCKHX uaTomMeli (Melosira arctica, Thalassiosira 
yophila, Th. hyalina u gp.), orcyrersyiomux B I ropusoute. Tpomuyeckue 
» BHIBI, HaliqeHHple B I ropusoute, Bo II ropu3onTe nomHocTBIO OTCYTCTBYIOT. 
DAMYCCTBEHHO JOMHMHUPytoT BO II ropusonte apKTo-OopeasibHbIe Thalassio- 
Ha gravida u Biddulphia aurita. 
: il ropusonrT (280—590 cm; 18 o6pasnos). Ocanku NipeACTaBJIeHbI 
HCBPHTOBO-PIMHUCTBIMH Hamu. Hmeetca HeOonbuol npocmoH MenKOaseBpH- 
BOrO usla. OTOT TopusonT HavGovlee GoraT WHaTOMOBbIMH KaK B BHJOBOM, Tak 
B KOJIMYECTBEHHOM OTHOWeHHH. Bomee 80% (k oOulemy uNcCy BUOB) MpHXo- 


M4 
TCA Ha JOO MOPCKHX BHAOB, Cpe KOTOPHIX JOMMHUPylOT CyOHTOPAaJIbHBIC 


),3%), OKeaHuyeckue cocTaBasioT 30,5%, a HepuTuyeckue 29,2%. III ro- 
#30HT MO COCTaBy JMaTOMOBbIX HavOouee TenNOBO_HbI. B Hem npeo6saa- 
* 10x%KHO-OopeasbHble BubI (Podosira stelliger, Coscinodiscus perforatus, 
obscurus, Actinocyclus ehrenbergii), mpuuem mnorne us Hux uMeIoT OLeHKY 
‘TpeyaemMocTu «yacTo»*, Tora Kak BO II ropu30HTe 10%KHO-OopeasbHble BABI 
WKH M OTMeveHbI eMHHYHO. ApKTO-OopeambHble HM TponMyecKHe jMaTO- 
pBble II] ropu30HTa XOTA M NpelCTaBseHb! OMHAKOBbIM YMCJIOM BUAOB, OfHAaKO 
}PBbIe BCTPeYeHbI JIMWIb B OTACIbHbIX OOpa3ilaX «eQMHHYHOy, a BTOpDie — 
(OoblUeM NCE OOpasloB HM C OWeHKAaMM «HepenKo» u «yacTo». M3 apKru- 
ckKuX Bufos B III ropuH30HTe Bo sBcex 18 uccneqoBaHHbIX OOpasiax Haii- 
HO JIHIb C€Mb CTBOPOK UeTbIPeX BHOB. 

|} IVropus3o0HT (590—1033 cm; 27 o6pasuos). Ocaaku sToro ropu3oHTa 
beNCTABJICHbI TJIMHHCTbIMH WaMH C peXKHMH MpocioAmu BYJIKaHHYeCKOrO 
€Kla, Pa3MepHOCTbIO KpyMHOrO HM MevIKorO awleBpuTa. Tak Kak BepXHAs 
e€TPpOBaA TOJUa OCaKOB 39TOTO TOpH30HTa B UuHTepBase 590—1010 cm He 
\JepxKUT MHATOMOBbIX, KPOMe M€PeOTJIOXKEHHbIX TPETHYHbIX, MpeACTABJeHHbIX 
MM 2%Ke BHaMH, YTO HM B ApyruX FOpH30HTaX, MbI elHM Becb IV ropH3oHT 
| «Hemyto» TomuLy (590—1010 cm) u con, coxepxaline AuaTomoBbIx (1010— 
33 cm), MO KOTOPbIM MbI H XapakTepu3yem duopy 1V ropusonta. B neckosb- 
1X OOpasuax «HeMol» Tom IV ropuH30HTa, Tak 2%e Kak H B ApyruX PopH3s0oH- 
X KOJOHKH, BCTPCYeHbI-MblIbUa pacTeHuli M MulaHKTOHHEIe Copamunudepsl. 
PIM CUHTaTb, YTO KHEMaA» TOJIILa COOTBETCTBYeT JIHTeIbHOK 3MOXe MOXO- 
aHUA, TO M0 aHasoruu C OxoTcKHM MOpeM (KONOHKH co cTraHuMi NeNe 140 
888) (1) HuxkHue cnou“ IV ropusouta (1010 —1033 cm) c xomogHoBogHoH paro- 
pH JMaTOMeli cleqyeT OTHOCHTh K Hauvasly 9TOH snoxu. Dropa AuaTOMOBEIX 
ropu30utTa cxouHa c cbopou IT ropusonta. Ilo yncay BuyoB B IV ropn- 
HT€ TaK2%Ke MpeobJayaloT CeBepHO-OopeaJIbHbIe, OHAKO KOMMUCCTBCHHO, Kak 
Bo II ropH30HTe, JOMHHUpYyIOoT apkTo-Gopeabuble (Thalassiosira gravi- 
|, Rhizosolenia hebetata, Biddulphia aurita). Tak xe kak u Bo II ropHusoure, 
el MOPCKHX {MaTOMOBbIX MpeoO/laqaloT HepHTHYCCKHe BH BI (48,6 %); 
eCaHHYUeCKHe BUI cocraBaoT 31,4%, a cyOmuTopambuBIe 20,0%. 
Vropu3ouT (1033—1706 cm; 36 o6pasuos). Ocagku sTOro PopusoHTa 
eNCTABJIAIOT YePeMOBAHHE TIMHUCTHIX MH aJICBPHTOBO-TVIMHUCTHIX HJIOB C OT- 
JIbHBIMH TIPOCAOAMH MeJIKOaJIeBPHTOBEIX “0B. Popa V ropu30HTa HeOLHO- 
ya 110 CBOeMy cocTaBy: B BepXHeli yacTH MpeodsaaroTr Gosee XO/OAHOBOL- 
J@ BUJbI, a B HMXKHel Gouee TemmOBOAHbIe. EQMHHYHbIC APKTHYCCKHE BUJIbI 
MeYeCHbI TOJbKO B Bepxax ropusoHTa (1060—1150 cm). Uucio apKkro-Oope- 
[bHBIX BHJIOB NOCTeMeHHO yObilBaeT K HH3aM TOPH30HTa, TOMA Kak KOJIMYC- 
BO, a TaKXKe YaCTOTa BCTpeYaeMOCTH J0%KHO-OOPeaIbHBIX M TPOMNMNeCKHX 
(MOB, HaOOopor, MOcTeMeHHO YBCHYMBaIOTCA K HH3aM TOPHSONTA. Kouuue- 


J 


* Tina KOMHUeCTBEHHOM OleHKU BCTpeuaemMocTH MbI HCIIOJIb3YCM MATHO ad IbHYIO mKaJly : 


2 
Macce», «YacTo», «HepesKO», «peqKo», «eqMHHHOD (?). 7 
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CTBEHHO JOMHHHPYIOWMMH B BepXHeH YaCTH TOPH3OHTa ABJIAIOTCA CeBePH 
6opeabuBIe Coscinodiscus curvatulus, Actinoptychus undulatus, a B Hu»KHeH- 
10X%KHO-OopeasbHBIe Coscinodiscus perforatus, C. obscurus, Podosira stellig 
uw Tpommyeckne Coscinodiscus wailessii u Cyclotella stylorum. Ilo @aope au 
TOMOBBIX V ropH30HT 61H30K K I uw III ropu3soHTam. HanOovbuiee cxo,cTi 
c III ropu3onrom oOHapyxxMBaeTCH B CaMbIX HHXKHUX COAX V TopH3oH 
(1678—1706 cm), rae Tak xe, kak u B III ropuH30HTe, H B KOJHYeCCTBCHHOM 
B BHJOBOM OTHOMICHHH JOMHHUPYIOT 1OXKHO-OopeaIbHbIe AHaTOMOBbIe. OKeaHl 
YeCKHe, HEPHTHYeCKHE H CYOJIMTOPaJIbHbIe AHATOMOBbIC MpeACTAaBJeHbI B ITC 
TOPH30HTe MpHMepHO OJMHAKOBLIM YHCIOM BOB. BepxXuxan rpauuila ropl 
3OHTa BbIpPaxKeHa He Pe3KO WH YyCJIOBHO mpoBezeHa Mey 1033 u 1060 cm 3 
OCHOBaHHH yBemMueHHA B cu0AX 1010—1033 cm Oomee XOMOZHOBOAHOrO KO! 
TJIeKCa J{MaTOMOBBIX. 

ConocraBJItA MOJYYeHHbIe WaHHble C aHHbIMH m0 OxotcKomy h BbepHHror 
Mops (1, 7), MOXKHO CKa3aTb, YTO B SIMOHCKOM MOpe, TaK %Ke KaK B OXOTCKC 
uw BepvHroBoM, 3a BpeMA HaKOIJICHHA MpOHeHHOH TpyHTOBOH TpyOKOH TOE 
OcCaKOB J[BaxKIbI MpOHCXOAMJIO MOXoWOAaHHe KJIMMaTa, OTBeYaBIUee, M0-B 
JMMOMY, JIeqHHKOBbIM 3m0xam (II u IV ropu3ontbi). IIpomexyTounbie ropi 
souTH! (II] u IV) coorsercrByioT, m0 aHaorMH c OxoTrcKuM Hu BepHHrosp 
MOPpAMM, M@KJIEQHHKOBbIM 9m0XaM.B 9SKOJIOrHYeCKOM OTHOMIeCHHH qlopa | 
u IV ropH30HTOB HMeeT CXOACTBO C C:OpOH NOBEPXHOCTHBIX OCaKOB mpHoOper 
HbIX paHOHOB CeBepHOH uacTH MHmoHCKOrO MOpA, HO M0 CpaBHeHHlo c Oxo 
cKuM Hu Bepuxrosppim mopsimu (1, 7) OHa 3HaYHTeJIbHO MeHee XOJIOQHOBOAHA:! 
B 9m0xH noxomoqaHusa, cooTBetcTByroume II u IV ropu3ontaM, B cocTaBe JH 
TOMOBBIX SIMOHCKOFO MOPA TpeoOaqaroulM4MH OCTaBaJINCb OopeaJibHble, a } 
aPKTHYeCKHe HW apKTO-OopeaJIbHbIe BHAb, KaK B JPyrHX j]\aJIbHeBOCTOUHBI 
mMopsax. MH, Hao6opor, B oToweHHAX I, II] uw V ropu3ontos Snouckoro Mop 
(propa THaTOMOBbIX OovIee TeEMJIOBOAHAA, C XAPaKTePHbIMH 1O2XKHO-OOpeaJIbHbIN 
MH TPOMMYCCKHMH BHJaMH, OTCYTCTBYIOWMHMH B OxoTcKkom 4H BepHHroBoM Mops: 


UucrutyT okeaHosorun Iloctynuso 
Akayemunu HayK CCCP 7 1 1959 
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HHTOJOPH A 


A. E. XECHH, O. ®. CAPbIWEBA u HO. H. MACTIOKOBA 


H3MEHEHHE OBbEMOB SEP KYJIBTYPbI HEP-2 
No BJIMAHHEM BYPYCA OCNEHHOM BAKILMHbI 


(ITpedcmaeaexo axademuxom H. H. Anuuxoeoim 21 I 1959) 


‘Hispecruo, 470 pasmepbi Aep KJI€ETOK pasvIMUHbIX OPraHOB OTMMYAIOTCA 3Ha~ 
T@JIbHBIM TIOCTOAHCTBOM (* *), TOUHee — AIA KaxKOrO Ba XKUBOTHBIX Cy- 
CTBY€T MOCTOAHHAA BeJIMYHHA Aep, MCHbLe KOTOPOH OHM ObITb He moryT (°). 
{ BeJIMYHHbI CYHTAIOTCA NePBbIM OObEMHBIM KJIaCCOM Aep; Apa OCTAaJIbHbIX. 
PTOK JaHHOrO BHJja KMBOTHBIX B CBOHX YCTOHYHBBIX M0 OObeMy cpopmMax 
€. OCTaJIbHbIe OOBEMHbIC Kaccbl Aep) UMeIOT OObembI B 2, 4, 8, 16 u T. J. 
8 OoulblIHe, YeM NepBbI OObeMHBIM Klacc. B To xe BpeMA Bapnal{HOHHble 
HBbIe OObEMOB AJep, MOCTPOCHHbIe C MOMOL{bIO OOBIMHbIX MpHeMoB BapHa-- 
QHHOH CTATHCTHKH, OTJIMYaIOTCA aCHMMeCTPHYeCKH YBeTHYeHHOH mpaBoii 
cTbIO, 4YTO, MO MHeHHIO E. M. Bepmesa (°), CBHJeTeIbCTByeT O TEHCHIMH 
TOK K YKPYyNHeHH!IO,— TeHJeCHUMH, KOTOPOM MPpOTHBOCTOHT OrpaHHUHBalo-. 
@ pOcT KJIeTOK BJIMAHME OpraHH3Ma B IeoM. IIpu cHaTHH usaM OCaOIeHHH 
TO BJIMAHHA OpraHH3Ma, OrpaHH4MBalollero POCT ero KJIeTOK, NMocmeqHHe 
“KOJIbKO YB@JIMUMBAIOTCA; 3TO MMeET MECTO IPH 9KCMaHTaluH TKaHeH (°, 7), 
H WeHepBalluu ux (°, 8), npH oTpaBJIeHHAX OpraHH3Ma pa3JIMYHbIMH XHMH¥e- 
HMM BeULeCTBaMH WH OakTepHaJIbHbIMH TOKCHHaMH (°, °), a TakK2Ke pH MaJIH- 
H3alMu KweTOK (°, *°). Kpome Toro, OMMCaHbI BpeMeHHbIe HSMeHeEHHA OOD- 
DB AJep %KeJIC3HCTHIX KJICETOK, COOTBETCTBYIOIMHE Pa3sJIMUHbIM PYHKUMOHAb-- 
cocTOsHHAM opraHa (2). 

Bo Bceex nepeyHcJleHHBIX ClyuaAX Apa KeTOK yKpynHaloTca npHOmHsu-. 
1bHO B 1,3—1,5 pa3a mo cpaBHeHHI0 C OObIYHbIMH OObeMHbIMM KJIaccaMH, 
IMCCTBYIOU[MMH B HOPMaJIbHOM opraHu3Me. IIpumMepHo Ha Ty Ke BeMUMHY 
IMYaIOTCA OT TIaBHbIX OObEMHbIX KJaCCOB Aep TaK Ha3bIBaeMble MpOMexy-- 
HHbIe OOBeMHBIC KJAaCCbl, H3peqKa BCTPevalollMecA B Pa3JIMYHbIX TKAHAX 
DMaJIbHoro opranu3ma (2?, 1%); [. Teprsur (*4) cuvTaeT BOSHHKHOBeHHE N0~ 
DHEIX IPOM@XYTOUHBIX KJIaCCOB CJI€CTBHEM YBCIMYeCHHA Pa3sMepoB ANep 
ITeM BOCIPHATHA HMM H3 WATOMMASMbI BOE, COME HM Mp. 

| Msyuaa c MOMOMI[bIO OObIYHEIX MOP@OJOrH4eCKHX MCTOAOB BMAHHE BUpyca 
CHHOM BaKIMHbI Ha pas/IMYHble OLHOCOMHbIe KYJIbTYPbIl KJ€TOK, MbI OOHA- 
PKHJIH HeOMKHaHHOe ABJIEHHE: Yepe3 HeCKOJIbKO YaCOB MOCe BO3ReHCTBUA 
pyca Apa KMeTOK KYJIbTYpbl OKa3bIRaJIMCb 3aM€THO YKPYMHCHHBIMH 10, 
ABHCHHIO C KOHTPOJIbHBIMH Ky-IbTypamu (puc. 1). IIpu stom cneltuuyeckne 
\WIpHAJepHbIe BKJIOUCHHA He OOHAPyKUBAIHCh, MPHMCHEHHE CIeIMaJIbHbIX. 
TOLOB OKPaCKH MO3BOAMJIO BbIABHTb JIMUb NOABJICHHE HelpaBHJIbHOU (bop MBI 
CHMJIbHBIX Teel, B WHTOMIa3sMe, B OOMACTH PaCHOJOXKeHHA KETOYHOFO, 
ATDA. 

B gambpyeiimem posyelicrBHe BUpyca BaKIUMHbl Ha KYJIbTYPy MPHBOANJO. 
DOpa3OBaHHIO MaCCHBHbIX CHMIWIACTOB, MOAOOHBIX TEM CHMMaCTaM, KOTOPbIe 
canbi Quyepcom (15) mpu Bo3sselHcTBHH Ha Pa3IMYHbIe KYyJAbTYPbl BUPyCca 
pu, a Pioxkap (1°) —npu BoszelicTBHH «meHAuLerO BUPYyca». pag yK- 
HeHHA 6saep HM Mocmesyroulero OOpas0BaHUuA CHMIMIacTOB OblJI HaHOovlee 
paxkeH pH 3apaxKeHHH BUPYCOM BakUMHbI KyJIbTYPbl WEPCBUBACMBIX KVICTOK. 
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uiramMa Hep-2; B 9TOM culy¥ae, HayHHad C 3 CyTOK Moce 3apaxKeHHA, B KY. 

TYpe BOSHUKAJM UCKJIOUMTEIbHO KPYyMHble CHMIVIaCTbI, 34HHMaIOWIMe HECKOMBb 
moe 3peHua MuKpockona (oK. 7, 00. 10 X) um cogep2Kalllue CBBILUEe 700 a 
(puc. 2). B cBa3H Cc 9THM MBI NIpeAMpHHAIM KapHOMeTpHYecKoOe H3yYeHHE STE 
KYJIbTYp Ha pa3HbIX CpOKaX KYJIbTHBUpOBaHUA, CpaBHMBad OODEMBI AMep Ku 
TOK Ha He3apaxKeHHbIX HW 3apaxXCHHbIX BUPYCOM BaKUHHbI KyJIbTypax. 

Onpitbl cTaBMM cenyroulaM o6pa3om. Kaerku wrammMa Hep-2 (kKyAbTY] 
paKOBbIX KJICTOK TOpPTaHH weslOBeKa) BbIpalluBasH B MpoOMpkax B Cpe 
Ne 199 (7) ¢ 10% Opi4beli cbIBopoTKu pu Temnepatype 37°. B KaxKyylo mp 
OMpKy BBOLUM MO 3 MJ NMTATe/IbHOK Cpesbl, CosepxKallen 200 —400 Thic. KJ 
TOK, H HorpyKavv Tyla MWaCTHHKy M3 HelTpaJIbHOrO CTeKJa HH HeOOJbILC 
KycoueK ciogbt. Ha 3—4 cyTKH KyJIbTHBUPOBaHHA KJeTOK MpH HaJIH4HMM CII 
INHOFO KJI€CTOUHOFO COA Ha CTeKJIe MUTATebHY!IO CpeAy MCHAJIM MB MpoOupk 
BBogusH O,1 Ma cycneH3HH BUpyca BaKUUHbI, coxepxauieli 10—l00 Tic. w 
(beKUMOHHBIX efuHHu. TlapanienbHO B COBepUICHHO aHaJIOrHUHbIX YCJIOBUS 
KYJIbTHBUPOBaJIM KOHTPOJIbHbIe KYJIbTYPbl, He 3apaXKeHHbIe BUPYyCoM. 

Yepes cpoku 4, 6, 8, 16, 24, 48, 72 mu 96 uac. moce 3apaxKeHHA CTCKIA 
Hble [JlaCTHHKH U3BJIeKaIH OJHOBPeCMCHHO M3 3apaxKeHHOH M KOHTPOVJIbHC 
MpOOMpOK, MpOMbIBasM pacTBopomM X9HKCa, @UKCHpOBaM B CUKCAaTO} 
Makcumopa Wid B xXUAKOCTH ByoHa 30 MHH., OKpalIHBaJIM %KeleSHbIM TeMaT 
KCHJIMHOM 0 Telmenraliny, reMaTOKCHJIMHOM Belirepta wu reMaJlayHOM 
303HHOM H NOABepradH MMKPOCKONHYeCKOMY H3YU4CHHIO. 

Jia KapHOMeTpHyeCKHX UCCIeEROBAHHH Apa KJIeTOK 3apHCOBbIBaJIM C 
MOILbIO PHCOBaJIbHOrO alMapata upu yBermuyeHuu B 2130 pa3, u MomlaqM F 
H3MepAJIM C MOMOLULbIO MaHHMetTpa. | cm? cooTBeTcTBOBad 36 MwlaHHMeTpH4 
CKUM eMHUaM, T. e. 1 miaHuMerpHueckad euHula paBHanacb 0,61 pv. IT 
CKOJIbKy BbICOTa Afep B MNOCKUX OJHOCIOMHbIX KyJIbTypax IpMMepHO OHH 
KOBAa, TllOWlaqH Afep MOXKHO MPHHATb COOTBETCTBYIONLUMUM UX OObemMam (* 
TlonyueHHble JaHHble pasOuBaJIH Ha KJaccbl C HHTepBaJioM B 20 mMwlaHHMeTP! 
YeCKHX CMHHI, OTKJaJ[bIBaJIM Ha BapHalMOHHbIX KPHBbIX H OOpadaTbIBad 
C MOMOLbIO OOBIMHBIX MPHeMOB BapHalMOHHOH CTaTHCTUKH. 

Takum 00pa30M ObWIO YCTaHOBJICHO, YTO B pe3ysIbTaTe BO3eHCTBUA BUPY 
BaKUMHbI Apa KYyJIbTYpbI KeTOK Hep-2 yBenuunBaloTca B OObeMe B CpenHe 
B 1,15 pa3a. Oro yBeiMYeHHe OTMeYaeTCA y2xKe Yepes 4 4aca MOCe 3apa2%KeHb 
H B Jja/ibHeHliem coxpaHsetca. Bonpoc o ero MpHunHax Hy KaeTCA B RaJbHe 
IeM H3YYeHHH; MO-BHMMOMY, YKpyNHeHHe Aep MOET ObITh HOO cMeACTBUE 
BHe€peHHA BUpyCa BHYTPb sep, HOO Ke pe3ysbTaTOM BOCNPHATHA Apan 
BOJbI B CBA3H C H3MCHCHHeEM (PH3HKO-XHMMYCCKHX CBOLCTB ARe€PHbIX KO. 
JIOH OB. 

Ilo Mepe HakONJeHHA KI€TOK C KPyNHbIMA ApaMu BOspacraeT 4HCIO KI 
TOK C 2, 3 4 Oomee aqpamu. Uepes 72—96 yac. mocme 3apaxKeHHA BUPyCOM Ba 
WHHbI B KYJIbTYp€ MOABAAIOTCA THraHTCKHe CHMIVJIaCTbl, ANpa KOTOPbIX B I 
JaBAIOULEM OOJIBUIMHCTBE OTJIMYAaIOTCA 3HAYHTEIbHO MCHbUIHMH OObeMaM 
yeM Apa OKpyKaloulux KeTOK (Ta6u. 1). 


Ta6Onuna 1 


Cpoxu nocJie 3apaxKeHHaA, mdi M om pone: Bie 
Mim ———__ |_@—Mourp | 184. 06nema 
uac. —V m+m KOUTP | gies M:M xourp 
K ouTpowIb 162 ,8-+3 8 _ — = 
4 189 ,O-L6 ,6 7,9 3,4 toe By 
6 182 ,4+4,2 5,6 3,5 1,13 
96 (oqHOA,epHbie KueT- 
KH) 185,0-+5,0 6, 3, 1,14 
96 (agpa cumnuactos)| 83,0-+4,0 = — 0,51 
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Puc. 1. OnHocnolnbie KybTypbI KeToK Hep-2 Ha 4 cyTKH KyJIb- 

THBHPOBaHHA. CmeBa — KOHTPOJIbHad KyJIbTypa, CllpaBa — KyJIb- 

Typa uepes 4 yaca Mocie 3apa%KeHHa BHpycoM BakIHHbI (10 THC. 

HHQCKUHOHHbIX CHHHW). Okpacka 2KesIe3HbIM TeCMaTOKCHJIHHOM 10 
Telexnratiny. 490 


Puc. 2. YuacTok CHMIMsacTa B OAHOCIONHOH KyJIbType 

Hep-2 uepes 96 uac. Nocde 3apaxKeHHA KyJIbTYpbl BUPY- 

COM OCNeHHOM BaKIWHHbI. OkpaCKa 2KeJ1€3HbIM TeMaTOKCH- 
JIHHOM Mo Telimenratiny. 195 x 


AH, rT. 126, Ne 1, Xecun, Cappuepa, MactioKoBa 
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IfopropHble OMbITbI, MPOBeCHHEIe C TEM 2Ke WTaMMOM! PpaKOBBIX KJICTOK, HO 
aSIMUHBIMH AO3aMH BUpyca MW pasHbIMM cnocobamu duKcalluu, NOsTBep_usu 
yueHHbIe pesysbTaTbl. B KayecTBe NpHMepa MBI aeM BapHallHOHHEIe KpH- 
oObemMoB sep uepes 48 yac. noce 3apaxeHua (puc. 3). OruermHBo 3ame- 
CABHr KPpHBOM BIpaBO Moce 3sapaxKeHuA BUPyCOM; B KYJbType NOABHMCh 
Hb KPyMHble Aqpa, M1oulaqu KOTOpbIxX npeBnnuator 400 miaHumerpuyeckux 
Hull. Cpequee apudMeruueckoe OObeMOB ayep B 3apaxkKeHHOl KybType 
= m) paBuo 277,4+8,5, B TO BPeMA Kak B KOHTPOJIbHOl KybType Mm = 


237,2+7,6. KoaddunueHT yBeluyueHua OObeMOB AED iy : Mxonrp) COCTaB- 
T 1,17; «KosddulueHT WocroBepHoctuy cyBura ( oe papen 3,35. 
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Genuyurer knaccob adep 6 nnanu- 
mempuyechux OUHULaX 


VG Linens 
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Puc. 3. BapuatMonupie kpupble o6b- Puc. 4. Murotuueckaa akTHBHOCTb B 3apa- 
MOB Ae€p KeTOK KyabTypH Hep-2. 2KCHHEIX KybTypax (1) mo cpaBHeHuto c 
| —kKYyNbTypa uepe3 48 uac. Mocae AKTHBHOCTh1O KOHTPOJIbHBIX KyJIbTyp (2) 
3apaxKCHHA BUPYCOM BaKILMHbI; 2 — (ok. ¢ ceTKoH 7, 06. 40X). B kaxkqom nome 

KOHTPOJIbHad KyJIbTypa 3peHHA TIpOCMaTPHBaIOCb B cCpeqHeM 


65—70 kaeTox. B kysbTypy ObII0 BBeELeEHO 
10 THIC. HHPCKUMOHHBIX CAHN BUpyca 


Da OHOAMEPHbIX KJIETOK Take ObWIH 3HAYMTeJIbHO KpynHee sayep CuM- 
icTOB: HalpuMmep, yepes 72 uaca mocie 3apaxKeHHA BUpPyCOM cpeyHee 
(PMeTHYeCKOe OOBEMOB Aep OAHOAJEPHbIX KMeETOK cocTaBIANO 362,7+15,3, 
a %Ke BeIMUHHa WIA Aep CHMMIacTOB paBHasacb 191,0-46,5. 
YBeHYeHHe OObEMOB AZ€p HM BOSHHKHOBeCHHE MHOTOACPHbIX 3JIEMCHTOB 
pesyabrare 3apaxKeHHA KYJIBTYPbl BUPyCOM BaKIMHbI CONMPpOBOKAaOcb 3a-~ 
HbIM CHHKCHHEM MHTOTHYCCKOH AKTMBHOCTH KJICTOK B 3apa2KeCHHbIX KYVJIb- 
vax (puc. 4) HM NOABIeHHeM CBOeOOpa3sHbIX KaPpTHH «3aMepLIHX» MHTO3OB, 
4a XPOMOCOMbI OKa3bIBaJIMCb B OeCMOpANKe pacCeAHHbIMH MO BCel KeTKe 
OOHOrO pola ereHepaTUBHble 3JICEMCHTbI MbI He BKJIIOYAIH Mp moycuere 
IMCJIO PAa3MHOXAIOWMXCA KJIeETOK). CHH2KCHHE KOJIMYECTBA MHTO30B, a TaKKe 
JMMeCTBYIOlee OOPa3sOBaHHIO CHMMJIaCTOB YKpyNHeHHe Aep MOSBOAIOT 
aTb, 4TO OMMCaHHbIe CHMMIaCTbl HE ABJIAIOTCA MPOAYKTaMH CMAHMA OT- 
bHBIX KJICTOK, @ BO3HHKAaIOT TlaBHbIM OOpa30M IlyT€M AMHMTOTHUECKOTO Je- 
uA Aqep Oe3 moceLyIOuleH WHTOTOMMH: paHee OAHHM H3 Hac (1°) Obwio m0- 
aHO, 4TO B XOJ€ aMHMTO3A Apa KJeTOK Me€pBOHAYabHO BABOe YBeJIMYH- 
DTCA B OObEMe, TAK 4TO IPH OCOpas0BaHHH MHOFOAepHbIX SJICMCHTOB Apa 
ISBIBAIOTCA BIBOC MCHbINHMH 10 OObeMY, YeM HCXOMHbIe Apa. OZHaKO Bo- 
C O MeXaHH3Me OOpa3s0BaHHA CUMIMJaCTOB MO MeHcTBHeM BAPyCOB Hy aeTcA 
aJIbHeHWIeM YTOUHEHHH. : 
Buspogu. 1. Tog BauaHueM 3apaxKeHHA BUPyCOM OCIICHHOM BaKkIIMHBbl 
€MbI Aep KYJbTYpbI KMeTOK wramma Hep-2 yBenwuuBaiotca Ha 13—17%. 
. B pesyaprate BosqelicTBHA BUpyca BaKUHHbI MUTOTHYeCKaH AaKTHBHOCTb 
‘TOK KYJIBTYPbl CHM2KaeTCA, a YHCO MHOTOACPHbIX SJIEMCHTOB YBeJIMYH- 
TCA, UTO MPHBOAMT K OOpa30BaHHIO THTraHTCKMX CMMIMAaCTOB, COMep2Kalllux 
la MO He€CKOJIbKy COTeH AJep. 
3. O6pas0BaHHe CHMMIacTOB CBA3aHO C YMCHbIICHHeM OObeMOB HX sep 
(MepHO BABOe MO CpaBHeHHIO C HCXOJHbIMH oObeMaMH Alep, YTO CBUeCTEb- 
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TAH, T. 126, Ne 1 


CTBY€T B MOJIb3y TOUKH 3PpCHHA O Pa3BHTHH CHMIIJIaCTOB NyTe€M aAMHUTOTHYUECCK: 


yenenua amep 6e3 mocuenyrouleli WHTOTOMHH. 
MockoBcKHli Hay4HO-HCCJIeOBaTeIbCKHH TloctynH10 
HHCTHTYT HMpelapaToB MpoTHB MOJIHOMHOHTa 16 I 1959 
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florxaygn Arkanemun nayrx CCCP 
1959. Tom 126, Ni 4 


IrEHETHKA 


Unen-koppecnongzent AH CCCP H. fi. JYBHHHH, Bb. H. CHOPOB 
- - wu H, H. COKOJIOB ‘ 


NeneruubCKin IPMEKT MOCJIEQEHCTBUA BUYMMOLFO CBETA 


IIpH u3yyeHuu pauorenetuyeckoro sdpekta BuMMoro cBera Hamu (°) 
JO YCTAHOBJICHO, YTO NO AelicTBHeM (POTOAMHAMHYECKOrO Mpollecca BOSHUKaeT 
VIbLIOe KOJIHYeCTBO XPOMOCOMHEIX Nepectpoek. JIAX BbIACHeHUA MPHpOsBI 
OTO ABJICHUA OCOObIi MHTePeC HMeeT aHaJIH3 NOCIeLeHCTBUA OOJY4eHHBIX pa- 
OpoB Kpacutesel. DakrT MoceLeHCTBUA OCBELEHHbIX paCTBOPOB KpacuTeselt 
Jt OOHapy2KeH pxAOM ucceqoBaTenel (1~°) Ha remomuse. Bpiwio noKa3aHo, YTO: 
Leixe PpacTBopbl dlyopecttupyroulMx KpaCOK, He CNOCOOHbI€ MpOABUTb TeM- 


TaOaunua 41 


Yucso aHadas c abeppa- 


Yucno usyyen- RHaME 
Bosgeiicreue HBIX a Sea aS Mgtmg 
anadas 
uy a6c. 4ucuIO % 


PuBaHOodb 


Oxpacka  /oo99) M  puBanomem 

10 MuH., B temHoTe 1956 «| 66 3,37-+40,40 | 2,55-40,78 
To Ke, PHBaHOJb MpesBapHTeb- 
| HO ocBeujeH 1 uYac slaMma- 


. MH JHEBH. CBeTa 1233 73 5, 92-40 67 
Oxpacka 1/, M_puBanouem 
10 MuH., B TemHoTe 1614 42 2,60-++0,40 | 2,12--0,70 


|To xe, pHBaHONb NpezBapHTesb- 
HO ocBeljeH 1 yac saMnaMH : 
| mueBH. CBeTa 1378 65 4,72-+40,57 


Oxpacka 1/ M  pusanosem 
So siaes bvsemnore 1414 77 | 5,46-40,60 | 5,45-+4,15 


To xe, pUBaHOb IipeqBapuTesb- 
HO ocBelleH 1 YacC JIaMIaMH 
JHeBH. CBeTa 1055 116 |10,91-L0,96 


TonmyuaquHoBaw CHHBKA 


Oxpacka 1/2999 M towyHan- 


ee ee aE A APIE | ee. ysis 17 | 1,51-40,38 | 2,60-+0,70 


To «xe, TOMyHAHHOBaA CHHbKa 
TipesBaputembHO ocBellena 2 4a- 
ca 45 MMH. COJIHEUHBIM CBeTOM 4149 46 4,11-+0,60 


Olt peak, mpHobpetator cmocoOHOCTh MopaxaTb SPHTPOUMTH!, CCH the 

TBOPbI IpeABaPUTEMbHO OCBEMAaIOTCA, A CAMO BJINAHHE OCYULeCTBIACTCH BT 

e. ) 

Tlocue o6Hapyxenua cbaxta, uTO PoTOAMHAaMMUeCKHH otphekr POS esas PN 8h: 

OMHbIe€ MepecTpouKu B AYpax KJIeCTOK KOPeHIKOB JIyKa (°), BOSHHK BOnpoc 
12? 479 


© BO3MOXKHOCTH MOJYYeCHHA XPOMOCOMHBIX MepecTpoeK NO BJIMAHHEM MOCIENCk 
CTBUA IpeMBapHTe/IbHO OCBEMICHHBIX PaCTBOPOB KpacuTeseH. OnbiTbI OblWwIH pe 
BeJ[@HbI Ha KOpelllKaX JlyKa, KOTOpble MOfBepraslMCb B TEMHOTE (B TeueHH 
10 mux.) JelicrBuIO mpesBapHTeIbHO OCBeLeEHHOTO pacTBOpa PHBaHOMA Mul 
TOJYHAMHOBOH CHHbKH. B KayeCTBe KOHTPOJA C/1Y2KHJIM KOPeLIKH, o6padorTak 
Hble B TCMHOTe TaKHM Ke, HO Mpe{BapHTeIbHO He OCBelaBLIMMCA PacTBOpO 
Kpacutena (Ta6m. 1). 

Bo Bcex ombitax HaOs0JalOcb 3aMeTHOe YBeJIMYeHHe YMCA XPOMOCOMHBI 
MepecrpoeK MpH BO3sfelCTBHH MPeABaPMTebHO OCBeUCHHBIMH KPaCHTeJAMP 
Kak mokasau JaubHelimme ompirhl, apbeKT mocmegelicraud (a TakKe, M0-BI 
JIMMOMY, H TEMHOBaH peakUMA) MOXKeT OBIT 3HAUHTeEIbHO YCHJIEH ONIPeAeJek 
HBIMH TIpuMecamu. Takoe ycuslenue opexta HaOmofaloch mpu ynorpeOmeHH 
pacTBOpa PHBaHOMA C PasJIMYHbIMM MpHMecamu OopHol KucMOTHI (TaO.. 2) 


Ta6Oauna 2 


Yucuo aHadas c aOeppa- 
WHAMH 
Yucno u3syueH- Myen 
BosyelticTtBue aioeanagas d ; 
a6c. unCIO % 
Oxpacka 1!/o9999 M puBaHonem c 
OopHoH KucnoToH,10 MuH., B TeMHOTe 2638 35 1 ,32+0,22 | 7,83-40,6: 
To xe, pHBaHomb mnpesBapuTebHO 
ocBemleH 1 4ac COMHEUHbIM CBETOM 2493 228 9 152-07 of 
Oxpacka 1/o999., M©M  puBaHomnem Cc 
6opHot KucnoToH 0,06 M, 10 muu., B 
TeMHOTe | 994 93 9 ,36-L0 , 92 
To 2e, pHBaHOJb MpesBapuTembHO 
ocBellleH 1 ac saMmamMH HeEBHOrO 


cpeta 811 | 476 (21,7041,44 | 12,340%m 


Hanmuue mocieselicTBuA pM MpeqBapHTeIbHOM OCBeLIeHHU cpyopecil 
pytolluxX KpacuTesleH yKa3bIBaeT Ha TO, UTO B 9TOM CJlyuae MyTareHHoe elcTBL 
KpacuTeleH CBA3aHO C KAKHMH-TO JWIMTeIbHO X%KMBYULMMH COeAMHCHHAMH, BO 
HUKAaIOWMMH NO AelictBvem cBeTa. OueBuHO, 9TO He MOFYT ObITb HH BOZOY el 
HbI€ MOJICKYJIbI KPaCHTeJIA, HH AKTHBHbIe paduKanbt OH uw HO,. 

C leJIbIO OPHEHTHPOBOUHOPO BLIACHCHHA MPOMOM2KUTEMbHOCTH KU3HH MyTarek 
Horo (bakTOpa, HIpatloulero POJIb NPM NOCMeLeuCTBUH CBeTA, ObIIM MOCTaBJIeHbI 1K 
MOJIHHTeEJIbHbIC OMbITHI, B KOTOPbIX BO3JCHCTBHe MpeABapHTeMbHO OCBEILeCHHOI 
KpacHTeA (B TEMHOTe) MPOBOMMIOCh Yepe3 PasHble CpOKH MocHe ocBemleHuA (66 
MHTepBasla, uepes 15 uw 30 Muu.) (Ta6a. 3). ) 

Kak BHHO 43 STUX aHHBbIX, 9pcekT moceselicTBUA COXpaHAeTCA B TeUCHE 
15 MMH. M, 10-BAHMOMY, NOJIHOCTHIO ucuesaeT Yepes 30 Mun. Ecam yuectb el 
BPe€MA, B TeEYeHHE KOTOPOFO KpaCHTeJIb MPOHWKAeT B KOPELIKOK, TO, OUeBUIHI 
MO2KHO IIPHHATh, YTO MPOMOM2KUTEbHOCTh X%KU3HU MYTareHHOro cbakTOpa mpH MI 
culeqeHcTBHH paBHAeTca mpumMepHo 15—20. mun. | 

Ham kaxkerca, 4TO WIA MOHHMaHMA MpHpodE sToro aibibexTa Ba2xKHOe 3H 
YeHHE MOryT HMeTb WaHHble 10 MyTareHHOMy JeHCTBHIO Cpesbl, OOyYeHHOH yu 
Tpaduouerospimu syuamu. IIpu yelictrsun Ha Staphylococcus aureus cpefoi 
OOJYYeHHOU MOJIHbIM CNEKTPOM KBapIeBOM PTYTHOM JaMMbl, Oblwio OOHapy2KeF 
MYTareHHoe BosfelicTBue TakOl cpespl (*). Bpwio noKa3aHO, YTO STOT pesybT% 
He MOXKeT ObiITh OODACHEH CeEKTHBHIM POCTOM Ha TaKOli cpele cnoHTaHHB 
myTauuit (*). Tako xe myTareHHbi, apieKT MOXKHO NOyYHTS MpH nomol 
XHMMYECKOH OOpadorKH CyOcTpata HM AOOaBAeMbIX K cyOcTpaTy aMMHOKUCI 
MepeKHcbIo BOAOposa (%). 

Bowiee TOWHbIE WoKasaTebCTBa MYTareHHOTO JelicrBuA cy6cTpara, 06.1 
ueHHOFO ybTpaduonerom win O6pa6oTaHHOro MepeKUcbio, AaHbI B paorax I 
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urospora (1°). TlokasaHo, uTo yBenuueHue uacTOTBI MYTALlHH MOXKHO TakxxKe 
MYYHTb BBCCHHeM B Cpey MHTMOMTOPOB KaTasa3bl HM CHCTeMBI WHTOXPOMOB, 
MpHBOAMT K HaKOMJIeHHIO MepeKucu Bogopoga (2°, 14). 
Ha OaktTepHax mpxmoro MyTareHHoro BosseficrBHa MepeKHCH He OblWIO O6- 
py2keHo. OfHako OHO ObIN0 OOHapyxeHO y Neurospora (!°). Ha ocnopanuu 
HX MaHHBIX AeaeTCH BbIBOA, YTO MyTareHHbI siextT, BISbIBaeMbIt cpenoli, 
adoTaHHoH H,O, uu OOly4YeHHOH yubTpacbvoueToM, CBA3aH C BO3HUKHOBe- 
€M OpraHwyecKuXx nepekuceit (*°). Oror BEIBOA NOATBepxAaercA omyueHHemM 


Ta6Oauna 3 


Yucno anadas c adeppa- 


Qucao u3y- area 


Bosnelictaue Mgtmg 


WeHHBIX aHacas 
a6c. 4uCIO % 


{packa 1/oo99) M pusanonem 10 muH., 
B TEMHOTE, PHBaHOJIb IpeABapuTeb- 
| HO ocpemen 1 uac amnamMu JHeB- 
| Horo cBeTa; 6e3 HHTepBavia 1527 60 3,93-+0,50 | 1,24+0,69 
Epacka 1/o9999 M pusanonem 10 mux., 
B T€MHOTE, PHBAHOJIb MpeABapuTesb- 
HO ocBemleH 1 uac Jammamu JHeEB- 
7 HOFO cBeTa; HHTepBas 15 MUH. 1152 31 2,69-40,48 | 1,44-++0,59 


packa 4/999) M pusanosem 10 Mux., 
B TEMHOTE, PHBAHONb NpeABapuTedb - 
HO ocBelleH 1 yac JaMMaMH HeB- 


HOrO cBeTa; HHTepBaa 30 mMuHH. 1014 13 1,28-+40,35 
‘packa !/o9999 M pupanonem 10 mux., 
B TeMHOTe (TEMHOBOH KOHTPOJIb) 704 24 2,80+0,60 | 3,34+1,01 


| BTeMHOTE, PHBaHOJb pesBapuTedb- 
HO ocBemeH 1 uac JaMmamMu J{HeEB- 
HOrO cBeTa; 6e3 HHTepBawa 863 53 6 ,14+0,82 | 2,13-+0,99 


EPacka }/e9999 M puBanonem 10 muz., 
B TEMHOTE; PHBaHOJIb NpeABapHTeb- 
HO ocBelleH 1 4ac MammaMuH JHEB- 
HOTO cBeTa; HHTepBas 15 MUH. 1246 50 4,01-+0,56 | 1,31--0,84 


| 

KPacka ?/oy999 M pusanonem 10 mun., 

B TEMHOTE; PHBAHOJIb MpeABapHTeJb- 

HO OcBemjeH 1 4ac MaMMmaMH J{HEB- 

HOrO cBeTa; HHTepBaw 30 MHH. 666 18 2,70-L0, 62 


re 1/oo000 M puBanosem 10 muu., 


)paTHbIX MyTalluii B WiTamme Neurospora, Hy2KalollleMcA B aeHHHe, NO nps- 
M JeficrBveM payla opraHnueckux mepekuceli (*”). OHaKo S=hcpeKTHBHOCTS My- 
TeHHOTO JelicTBHA MepeKHceH 3HAUHTeJIbHO MeHbILIe COOTBETCTBYIOIero Tel- 
BHA OOYYeHHA yubTpatvouerom. B cBa3M Cc 9THMH AanHbimn (*) HHTepecHO 
MeTHTb, 4YTO MYyTareHHoe jlelicrsue Takoro XHMMUYeCKOrO PakTOpa, KaK cbop- 
Jbleruy, Tak%Ke, MO-BHAMMOMy, CBH3aHO C OOpas0BaHHeM OpraHHyeCcKHxX 
pexuceii (7%). 

B crete aHHEIX, MOJIYYCHHDIX NPM H3yYeHHH MyTareHHOrO diekra YuIbTpa- 
10J1eTa, HAM Ka2KeTCA BEPOATHBIM MpeAMOMO*KeHHe, UTO B Clyuae MOCMeAeUCTBUA 
(MMMOrO CBeTa MYTAreHHbIH sipieKT CBA3AH C MepeKHCHBIMH MPOAYKTaMH, 
pasyIOWMMUCH B pesyJbTaTe MpHcoeqMHeHHA K MOVIeKyIe€ KpacHTeA 
WIEKYIAPHOTO KUCMOpOsa, T. €. C TAK HaSbIBAeCMbIMH (boTooKcHyamMH, cyLlecT- 
BaHHe KOTOPEIX WIA HEKOTOPBIX KpacHTeeH MOKa3aHO XHMHYCCKHM 
tem (1°). 

cement HaMH paHee aHaJIv3 MeXaHH3Ma JeHCTBHA @JID (°), BMecTe c pe- 
JibTaTaMM HacTOAMel paOoTbl, MOKa3bIBaIOT, YTO B WeOM MYTAareHHOe JeH- 
BHe MOJIeKyJI KpacuTeseH, BO3OYy 2K CHHBIX (boTroHaMH BuAMMOrO cBeTA, ooyc- 
BIeHO PYHKIMOHMPOBAHHeM M0 MeHbIeH Mepe TpeX Pa3sJIMYHbIX MCXAHH3MOB-~ 
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BAMAHHeM aKTMBHBIX PawuKaoB (oToquHamuyeckuh sddexr), AelicrBuem 
TOOKCHOB (mocaeselcTBHe OOYYeHHA MOMeKYJ KpacHTeA BHAMMbIM CBETOM, 
BO3MOXKHO, MIpAMOli, peakIlvel MOJIeKyJI KpacuTeH C HYyKJeONpoTeHsoM (TeN 
HOBad peaKIlHa). 


VucTutTyT WATONOrHH MU TeHeTHKH Tloctyn “10 
Cu6upcKkoro orsenenua Akayzemun HayK CCCP 25 II 1959 
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Jokraagqn Akanemun Hayk CCCP 
1959. Tom 126, Ni 4 


IEHETHKA 


H. B. MALWKEBHU 


CNEPHMEHTAJIbHAS NOJIMMJIONIUNA Y POPULUS TREMULA lL 
(ITpedcmasaexo axademuxom B. H. Cyxaveeoim 26 XII 1958) 


| Bregenue B IIpaKTUKY KOJIXHIUMHOBOPO MeTOJla C LesIbIO 9KCIEPHMeHTaJIbHOrO 
)YYeHHA NOMMMIO“LOB (*) BOBMeKO B Kpyr pa6or, HapsAY c MHOTOUNCeHHBIMU 
DECTABHTCIAMH CeMeHCTB WH POJOB OMHOMeETHUX PacTeHUl, JIECHbIe ApeBecuble 
POE. 

VicceqoBaHua, CBA3AHHbIe C PeBeCHBIMM PaCTeHHAMH, Tak2Ke npeceqoBalH 
PIM CO3aHHA HaCJleqCTBCHHOH3MCHEHHbIX BbICOKOMPOAYKTHBHBIX (opM Avia 
}JIbHeHIUerO UX UCHOMb3OBaHHA B JIeECHOM XO3sIicTBe. 

B OonbummuctBe cryyaeB pesyibTaTbl pa6oT MO 9KCNePHMeHTaIbHOH KOM- 
AIWIOHMM Y JICCHBIX APCBECHbIX MOPOA OKasasIMCb OTPHUAaTeIbHbIMU B CHIY 
ie KOHKPeTHBIX IpHyHH. B TO Ke BPeMA HMEIOT MECTO BHOIHE OMpeseeHHBIE 
CTHXKCHHA, KOTOPLIC MOFyT ObITb HCMOJIb3OBAHEI HE TOJIbKO JIA TeOpeTHueCKUX 
iment, HO WH JIA mpakTuyecKoro mpumMeHenua (4, 5). 

_ Hacrosujumu ucceqoBaHHAMH, MpOBeeHHbIMH OX pyKOBOAcCTBOM mpod. 
. ©. I[papquna, Oblia mpeAnpMHATa NOMbITKa MCKYCCTBeHHOTO NoyueHHA 
‘MOMOMbIO aJKalOvqa KOJXHIMHa — BOseHCTBHeEM Ha CeMeHa B Pa3HbIxX 
aflMAX Pa3BHTHA — MOMMIO“AOB Y HeEKOTOPbIX BHAOB ApeBeCcHO-KycTapHu- 
DBBIX MOpO. B KayecTBe OObEKTOB HCMOIb30BaINCcb ocHHa (Populus tremula 
i TONOIb Oab3amuueckui (Populus balsamifera L.), 6epeckner esponeli- 
kali (Euonymus europaea L.), ay6 uepemuatsii (Quercus roburL.) mu gp. 
_ IIpumenutesbHo K OCHHE H TOMOJIO MbI HCNOMb3OBaIH MeTOA MpopallluBa- 
HA CCMAH B BOJHBIX PpaCTBOpaX KOJIXHI[MHa C AMamasOHOM KOHIeHTpalluH OT 
007 no 0,1%. B tom cayyae, ecIM MCMOb3yeMbIe B OMNbITe CeMeHa ObIJIH 
ae HCKYCCTBEHHbIM OMIbIJICHHeM Ha BETBAX WJIM HEMOCpeACTBeEHHO B MpH- 


ye, UX BCXOxecTb Jocturana 99—100% (ocuHa). 
_ Tipu temnepatype 25—26°, koropyto JlerKO NO/1yuuTb B OObIYHOM Tepmoctate, 
MeHa M1popactaioT B TeueHHe HECKOJIbKUX YacoB (oT 5 Ao 20 uac.). [lonHoe mpo- 
\ ae Ce€MAH, KOTOPOe, MO HalIMM HaOsIOAeHHAM, BbIParKaJOCb B o6pa30Ba- 
HH HE TOJIbKO M€PBHYHbIX KOPeLIKOB, HO MH PO3eTKH OOKOBBIX KOpHeH, OObIUHO 
KaHYMBaslOCb B YCOBHAX yKa3aHHOli TemnepaTypbl Ha CuleLyloulMit TeHb. He- 
Opocuive K S3TOMY BPeMeHH CeMeHa, KaK IPpaBHJI0, OKa3bIBaJIMCb HexKMSHE- 
OCOOHbIMH .« 

B Jambueliem mpopocrKH MpOMbIBaIMCb JIA JHKBMAalMM BpeAHoro M0- 
elelicTBUA KOJIXHIMHa HW MOMeWLaJIMCb B BOY MIM, Jyulle, MUTATE bHy!0 Cpesy, 
K KaK CeMeHa OCHHBbI H TOMOJIA, KaK H€ HMeIOU[Me 3aMaCcHbIX MMTATeJIbHbIX Be- 
ecTB, He MOFYT J\IHTebHOe BPeMA pasBHBAaTLCA, He MONyad NPMTOKAa MHUM 
BHe. Pa3BuTue mleceHw Ha JlowKaX ammapaToB AIA MpopauluBaHuA OrpaHu- 
[BAJIOCb C MOMOMLbIO THMOa MIM Apyroro aHTHCelTHKa. ; 

DdbextT oT BOsMelicTBHA KOJIXHMUMHOM MPOABIANICA MapavIebHO C Mpopa- 
aHvem cemaAH™. StToT adieKT BbIPaxKaJICA B 3AaMeCTHOM TOPMO2KEHUH Poca y Mpo- 
CTKOB, MIOJBEp2KeHHBIX JelHCTBHIO KOJIXHI[MHa, MO CPpaBHeHHIO C KOHTPOJIeM 


* B yasbHeiwiemM MBI HCHOMb30BaJIM OCHHY Kak HHAMKaTOp KauvecTBa AaHHOH TMOpIHH 


AXMUMHA. 
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(ipopaluBaHue CeMAH B BOfe), H B H3MCHCHHH HMM HEKOTOPHIX mopdomornye 
CKUX CBOHCTB HM OCOOeHHOCTeH BHYTpeHHero CTPoeHHA. 

BuJOHu3MeHeHHbIe MO BIMAHWeM KOJXHUMHA MpOpOcTKH XapakTepHusoBa 
auch (puc. 1) yroumjeHuamuM MepBHYHOrO KopellKa Hi cTeOebKa nO ae 
HOrO KovleHa), Oosee JJIMHHbIMM, HHTCHCHBHO OKPalleHHBIMH H TOJICTbIMH CEMA 
fonamu. Kak mpaBuuio, MOACeMAZOIbHOe KOJICHO YTOVJIULalOCb HenmocpeACTBeH 
HO Haj, KOPHeBOM WeHKOM, a YTOMMeHHaA YaCTb KOPeLlKa Oblla COCpeOTOYEH, 

ONO PpO3eTKH OOKOBBIX KOPHeH. ) 
« aan OIL NEN ORE RDO eae IIPOPOCTKOB, HaOJIOaeMbL 


C MOMOMIbIO cTepeockonuyeckoro muKpockona MBC-1 mp yBenuuenun 16x 
ABJIAeTCA HalMuHe y HUX 60 


Jlee pa3BUTOH MHrMeHTalHy | 
Bue KpaCHbIX MPOKHIOK H 
MOJCeEMAOJIbHOM KoJIeHe. OT! 
MpopocTtKH UMeH Takxe Od 
Jee KOPOTKHE H TOJICThI€ BEPXY 
WeuHble MOUKH H Oomee KPYN 
HbIe C€MAZOIM, a B JaJibHeH 
em — 6oee KPyNHbIe HacTO 
AUHe JIMCTbA. . 

IlpopoctKu, NOABepKeHHBbI 
BJIMAHHIO KOJIXHIMHA, OTVJIA 
YaJIMCb 3AM€THBIM TOPMOXKE 
HHe€M B pocTe, 4TO pacnpCe 
CTpaHsAsIOCcb Ha BCe OpraHbEl, 3 
HCKJIIOUCHHEM CeMAONeH, KC 
TOpble HMeIH Oolee KPYNHBI 
MOKa3aTeH JJIMHbI HU WMP 
10 CpaBHeHHIO C KOHTPOVJIeN 


* OMe oro KOJIXHIMHH pC 

Puce. 1. SctbexT oT BO3eHCTBUA KOJIXHILMHOM Ha Ce- Kpom s i iy : 
MeHa OCHHbI. Culepa — OMbIT, chpaBa — KOATpouIb BaHHbIe NPOPOCcTKH, a B a 

HeHUICM CeCHHIbI H3 HUX Xe 


PakTepH30BaJIMCb 3HaUHTeUE 
HOH 3aMe/VICHHOCTHIO pasBUuTHA. B uacTHocTu, yepes 21 eHb nocme Havas 
MpopalluBaHuA CeMAH, KOra CeAHIUbI ObWIH PaCNMKHPOBaHbI B ALMKH, KOH1 
PpOJlb HMeJI MO Ba HAaCTOAMIMX JMCTa, TOra Kak CeAHIbI U3 OOpadoTaHHbl 
KOJIXHIMHOM CEMAH HaXOAWJIHCb B CTaqMH cemaAoueH. 

Y Oepeckiera eBponelcKoro MpHMeHAJICA MeTOX OO6paOoTKH HaKJIIOHYE 
WAUXCA Tocle crpaTupukallMH Ce€MAH BOJHBIM pacTBOpOM kKouxuluMHa (0,159 
B Teyenne 12 yac. u 0,15% B Teuenne 24 uac.). JlaHHplii MeToq HanOoulee mpuen 
JI€M JIA BHOB ApeBecHbIX NOPO Cc TPyAHO mpopacrTaroulMMH CeMeHaMH WIN Ce 
MeHaMH, TpeOyIOMIMMH MpeABapHTeIbHOH NmpelnoceBHow o6pa6orKn. 

Ihhext of Bosfelicrpus (puc. 2) oOHapy2xKuBaJICH B YTOJMeHHM KOpellK 
B eFO HavOoulee BepxHeli (crapol) yacTH H MOJCeMAJObHOrO KoNeHa, HCKPHE 
JICHHOCTH OPlaHOB, MOPULMHACTOCTH ceMAONeH UM MepBOH Mapbl HACTOAMUMX Jt 
CTbeB, 3ATOPMOKEHHOCTH pocrTa. 

O6pa6orKa MpopocTKOB PacTBOPOM KOJIXHUMHa NPHMeHAMACb TakiKe 10 OF 
HOWeHHIO K AyOy yepemmuatomy (konWenTpanwua 0,15%, Bpema 48 uac.). Bume 
MBIX MOPMOJIOrHYeCKUX H3MCHEHHM CeAHWEB He OblIO OOHapyxXKeHO. 

Viz mopouiormueckH M3MeHeHHBIX NO], BIMAHHEM KONXUIMHA MpopocTKE 
OCHHBI M TOMOIA B NepBbI Ke TOL CHopMMpoBauCb TPH KaTeropuHu pacTeHui 

I — pacrenus, pe3sKo OTMYAIOWIMeECA OT KOHTPOA CBOeH BHELIHOCTHIO, 41 
MPOABIANOCb B CBOeOOpasHoH y3KOH opMe JIMCTbeB, 3a3yOpeHHOCTH MH acu 
MeTPHYHOCTH JIMCTOBOH mlacTHHKu. Takue pacreHud NoJoOHbI aHeymonyan 
T. €. PaCTeHHAM C HEKPaTHbIMH H3MCHEHHAMH YHCIa XPOMOCOM. 

Il — pacrenua, oTHeCceHHbIe HAMM K KaTeFOPHH KMHKCOMMOMOB», WIM «Xt 
Mep». OHM COCTOAT M3 OOBIMHBIX QUMJIOMAHBIX H BAOM3MeHeHHEIX MOmMMION) 
HbIX KJI€CTOK H TKaHel, YTO OblIO YCTAHOBJICHO JaHHbIMU H3MePeHUA YCTbULL, KETO 


184 


Moponornuecku aOeppaHTHble pacTeHusa, OTHeECeHHBIe HaMH kK KaTeropuu 
FCYMIOHAOB», B NepHOR MepesMMOBKH MOcTpaasM OT HUSKUX TeMMepaTyp, 
€sybTAaTe YerO BECHOH M3 MpHAaTOUHbIX MOYeK KOPHeH OOPas0BaJINCb HOBbIe 
Dern, cbexoTummuecku He OTJIMUMMbIe OT KOHTPomA. Takum oOpasom, 9Ta rpyti- 
| PacTeHUM Takxe NpelcTaBsleHa XUMepaMH, UTO ellie pas NOATBep»x Laer XHMep- 
Tb Cy (MOKOMeHHA 3 KOJIXHUMHUPOBaHHBIX CeMAH). 

II] — pactenus, He oTmMYatoUlMeCA OT KOHTPOJIA NO CBOMM BHeLIHUM Ipu- 
1KaM H OCOOCHHOCTAM BHYTPeHHEro CTpoeHua. 


Pn 


'. 2. OpdexT oT BosqeiicTBHA KOXMUMHOM Ha cemeHa GepeckuleTa esponelicKoro. Caesa — 
ONbIT, clipaBa — KOHTPOJIb 


Jia aHeymmoHJOB H XHMeP, IpeACTaBJIeHHBIX B OMbITe, XapaKTepHO yKPyn- 
HHe€ 3HAYMTeEbHOM YaCTH KJIETOK OMpeeeHHbIX TKaHel, Hapay c ux OObIU- 
MM pa3MepaMH, YTO M3MeHACT B CTOPOHY yBeJIMYeHHA HW CpesHue MOKasa- 
mM. Tak, u3MepeHHe JVIMHbI YCTbHIL 2NuepMuCa HW2XKHEH CTOPOHDb! JIMCTbeB 
IKOJIXHUMHUPOBaHHBIX HM KOHTPOJIbHBIX OCHH laJIO CJIeAyIOWMe Pe3yJIbTAaTHI 


pe): 


M+m G GC, % 
CesHUbI 43 KOJIXHIMHHpOBaHHBIX CeMAH 37,3-40,4 Bn fe 6,0 
KoutTpoub 25,2-+0,2 Ae) ie 


O6pesKoH HafgemHOl uacTH XHMePHbIX pacTeHul («mocayKa Ha MeHb») 
[peTHH BeTreTalHOHHbI MepHO OT Hautala oMbita OblWwIH CPOPpMMPOBaHbl U3 
KOALMXCA H, BO3MOXKHO, CNALLMX NO“eK HMKHEli yacTH OCeBOrO NO0bera OJHO- 
IHbIe MO CTeMeHH TJIOHAHOCTH pacTeHHA. : 

OTM pacTeHus, KaCCHPMIMpOBaHHble HAMM Kak «TeTpamJOMAbI», B AeMCTBH- 
[bHOCTH IIPeACTaBIAIOT COOOM HaJ3eMHY!0 YaCTb TeTPalJIOHAHOM CTPYKTyPpHI, 
3BMBINYIOCA Ha XHMePHbIX KOPHAX. 2 
TloceXyiouMMv WHTOJIOrMYeCKHMH HCCeEAOBAaHHAMH TeTPalJIOWAHbIX™ Pacte- 
1 ObIIM OOHAPY2KeHbI OTICJIbHbIC IKSEMIVIAPbI, MCPHCTEMATHYECKHE KOPEIKH 
OPbIX ColepxKamH muiacTHHKH c 76 xpomMocomamy (2 n = 76), B TO BpeMA Kak 


* Yxa3zaHuble pacTeHua, Kak yMOMMHaJIOCcb BbIlle, He ABJAIOTCA LeMKOM TeTpalloulaMy 
CTBHe XMMEPHOM pHposbl HX KOpHei H, BOSMOXKHO, il i eae SOHBI CTe6/1 LO NoukH, 
KOTOpoli ccbopMMpoBadica MpeqMonaraeMbl TeTPalWIOHAHBIM  MOOCr. 
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IUMOMAHOe YHCMO XPOMOCOM Y OOBIYHOM, KOHTPOJbHOM, OCHHbI PaBHO 
(puc. 3). Byer mpefcrapaaTbh OoubIloH MHTepec AaIbHeMUIMH MOACUeT UHC. 
XPOMOCOM B MepHcTeMaTH¥eCKUX TKaHAX TOYKH pocTa cTeOA TeTpansony 
OCHHBI. | 

Tloacuer uvcia XPOMOCOM OCHHbI NMpOBOAMJICA Ha MOCTOAHHbIX Npenapata 
OKPalleHHBIX 2Kee3HbIM TeEMATOKCHJMHOM, C TOMUMMHON cpesoB B 8—I p. M 
KPOCKONMYeCKHe KaPTHHbI PaCCMaTPHBaIHCb MPH YBeMMYeHU B 1800x. P 
CYHKH CleaHbI C MOMOILbIO pucoBabHoro anmapata PA-4, 

Auamu3 uncaa xpomocom Populus tremula, Kak MoJOBbIX, Tak HM COMATHt 
CKUX, MpelcraBAeT USBECTHHIe TpyAHOCTH, O 4eM elle paHbile cooomaH He 
BbI€ HCCIeMOBATeIH KapHoTuma OCHHEI (?, °). 


ae “hv 
pe Wwos 4 
72 7, 6%, = Ault) 
a so) f lay ble Oi oe Oe 
LO ee hin tf (ole See 
7 = ~ es. _ £69 on 


Puc. 3. ComatTuyuecKwe WacTHHKH JMMMOMAHOM (ceBa) H TeTpanJon“_HOn 
(ctpaBa) ocuubI. 1800X 


X POMOCOMBI OCHHbI pe3ko AuddepeHUMpOBaHb! NO BeEMYHHE WH MMEIOT OTHOC 
T@JIbHO Mable pa3mepbl. HaiumMu uccleloBaHHAMH MOATBepAMOCb HaJHy 
y OCHHbI OTHOCHTEIbHO M@JIKHX XPOMOCOM, OJHaKO IIPHMeHABLIeeCA HaMH YE 
JIMYeHHE OKa3al0Cb HeJOCTATOUHBIM JIA MopdosiorMyuecKOH XapaKTePHCTHl 
KapHoTuna. 

TerpanJIovybl OCHHbI OTIMUAIHCb Ooee KPYMHbIMH 10 CPaBHeHHIO C KOR 
POJIeM JIMCTbAMH, TYCTO ONYUICHHbIMH C HH2XKHEM CTOPOHH, C ruyOoKon 3a3yOpe 
HOCTbIO JIMCTOBbIX IIJIaCTHHOK, B TO BP@€MA KaK JIMCTbA OOBIMUHOM OCHHBbI Obl: 
COBePIeCHHO TiaXKHMMM M MOUTH WeubHOKpavHHuMu. Terpanouwuad ocuHa, BO 
pekH CyllecTByIOWlMM mpefcraBseHusam ('), pocaa cTOub %Ke MHTCHCHBHO, K 
HW JMMJIOMJHbIe pacTeHus. 

KouIMueCTBEHHBIM HM Ka¥eCTBCHHbIM aHaJIM3OM MOTOMCTBa OCHHbI HU TONOM 
TIOJLYYEHHOTO H3 CEMA, NOABEpKeHHbIX JeHCTBHIO KOJIXHIMHA, YCTAHOBJICHO, 4 
BCe IIPHMCHeHHbIe AO3HPOBKH, BKOUad ThICAUHbIe JOM MpollenTa, Oka3aay 
MocTaTouHo siieKTHBHBIMH. YrHeTeHHe KOJIXHUMHOM HaOJOLaslocb TObKO 1 
HCHOJIb3OBaHHH AO3upoBoK BpIe 0,1%. 

B orHoulenun OepecksleTa eBpOMelCKOTO MOXKHO 3aKJIIOUNTbh NO Tvlas0MepH 
OWeHKe, 4TO MyUMIMe pesybTaTbHI (O6pas0BaHHve HaMWOOIbIero KONMYECT 
BHJOM3MCHEHHBIX PpacTeHul) HaOmOLaucb mpH Oomee LIUTebHOM O6paborke | 
MAH — B TeyeHnue 24 yac. BMecrTo 12. 

JlaibHeliinee CoxpaHeHue, pasMHOxeHNe U H3yUeHHe TeTPanIOM“AHOL OCH! 
MIpeAcTaBUT MHTepec Kak C OOMeOHOMOFMYeCKOH TOUKU 3PeHUA, TaK M B IpakTH 
NOJIYYCHHA CKPellMBaHHeM C JMMIOMAHLIMM (OpMaMH BbICOKOMpOLYKTUBHC 
TPHIMIOMAHOTO MOTOMCTBA. 


VWuctutyT seca Tloctynuso 
AkayemMuu HaykK CCCP 25 XII 1958 


IMTMPOBAHHAA JIMTEPATYPA 


1H.'B. Mankesuu, Tlomumongusa u ee sHayenusa B ecHOol cenekuuu. Coobmel 
Muct. neca AH CCCP, VY3y. AH CCCP (Bp nevatu). * J. Bergstr6ém, Hereditas, 
H. 1—2 (1940). @A. FL. Blakeslee, A. G. Avery, J. Heredity, 28 (fm 
‘J. Eifler, Zs. Forstgenet.,4,H.6 (1955). ® H. Johnsson, Hereditas, 36, F 
(1950). ® A. Muntzing, Hereditas, 21 (1936). 
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BHO®H3HKA 


Uuaex-koppecnonjzent AH CCCP H. H. HYDK]MH u Lr. B. HADKHMK 


BJIMAHHE TAMMA-JIYYEM Co HA PAHHHE CTAAMH 
IMBPHOTEHE3SA KPOJINKOB 


JOTKPbITHe BO3MOXKHOCTH MpakTHYeCKOTO HCHO/IL3OBaHUA ATOMHOL SsHepruHn 
IBeJIO K PE3KOMY BOSPacTaHHtO YNCJa HCCIeAOBaHUH, HaNpaBJIeCHHbIX Ha BbIAC- 
ue 3aKOHOMepHOCcTelt OMoOrMYeCKOrO jelcTBHA MOHM3MpyIONMX uMasy4e- 
ft. Hecmorpa Ha 970 OTJeuIbHbIe, K TOMY 2Ke BaXKHBIe CTOPOHLI H3y4YeHUA GuO- 
fMueCKOrO JeHCTBHA WMOHHSHPYIOWHX UsIyYeHUl paspaOaTHIBalOTCA 3HauUH- 
ibHO cjlaOee Apyrux. B uncie TakOBbIX MOXKHO Ha3BaTb H3YYeHHe BIMAHMA 
bee apyioniedi pafMalluu Ha mpoleccbl sMOpvoreHesa mMuleKonuTatouHx. Vc- 
NOBAHHA B STOM OOMACTH B NOMaBJAIOULEM OOJIbIIMHCTBE BBIMOIHeHbI He Ha 
*KOMMTAIOUMX, a Ha HUBINMX MOSBOHOUHBIX (amiuOuy, pblOnl, mTuubt) (1°). 
iyHeCHHbIe pasHbIMA HCC/eAOBAaTeJIAMM aHHbIe K TOMY Ke JlaleKO HeOAHOPOAHEI. 
3a nocieqHue Tofbl BbIWeT pA pador (1°-1%), B KoTOpHIX ONMCaHI pesyub- 

I H3YYCHHA PaHHUX CTaMMH pasBUTHA 3apOfbIIell MIeCKOMMTAIOWMX, NOL- 
|PLIMXCA OOJYYCHHIO. OTHMM MCCIeELOBAHHAMH JaseKoO He HCYepMbIBaeTCA BOM- 
O HeEOOXOJMMOCTH JlaJIbHeMWero U3yY4eHHA AevcTBHA paluallau Ha mpolecc 
jpuoreHesa MieKOMMTaloulux. XapaKTepHO, 4TO Ha nocmeqHem MexyyHapor- 
pafuoOuvosoruyeckom Kourpecce (1958 r.) cpequ OoubWIoro KOMMUeCTBAa 
ACTABJICHHEIX LOKNaoB bakTHYeCKH OTCYTCTBOBAIN WOKMalbl 10 ekcTrButo 
MalMu Ha 9MOpuorenes y MslekonuTatounx (14). 

B HacToaleH paOoTe NpHBOAATCA WaHHble MO H3MeHeHMIO paHHHX cTaynit 
PWOHabHOTO pa3sBHTHA KPOJIMKOB, BbISBAaHHOMY OOJIyYeHHeM MaTepH Hesa- 
ro Jo ee onsJoqoTBOpeHHaA. 

OJIOBO3pebIe CAMKH KPOJMKOB MOpOsbl WHHIWMIa — 4uepes 4ac Toce 
PbITHA HX Ba3CKTOMMPOBaHHbIM CaMUOM JIA BHISbIBAHHA OBYALMA — NOD- 
aJIMCb OMHOKpaTHOMY OOmlemy OOyyeHHIO y-yyamu Co*°, B Josax 850, 
‘u 100 r. O6nyyeHue mpon3sBoqusocb Ha y-ycTaHoBKe Co*° (qa Ovomornue- 

9KCHEPHMeHTOB) MPH CeLYIOULMX YCMOBMAX: MOWHOCTH Joshi 150 r/mun, 

TOAHHe OT ucTOUHHKa 41 cM, BpeMA OOJTYYeHHA — COOTBETCTBCHHO ose. 
ocle O6JIy4YeHHA CAaMOK HCKYCCTBCHHO OCeMeHAJIM CEMeHeEM HeOOJI YYCHHBIX 
op. IIpocmorp pa3BuBaiolluxca 3uroT mpousBosusca yepes 20, 24, 48, 72 
YaC. MOC€ NOKPbITHA CAaMOK Ba3CKTOMMPOBaHHbIM CaMIloM. Y CaMOK BCKPBI- 

OprolIHy!0 MOMOCTH; AMMeKJeTKU, 3MFOTHI MU OaCTOUMCTh! 43 AUWEBOZOB U 
KY BbIMbIBaIH 0,9% pacrsopom NaCl. )KugKocTb nocse NPOMBIBKH AHIeBO- 
WM MaTKH TOTUaC Ke MPOCMAaTPHBaacb MO MHKPOCKONOM, M MPOM3BOAMVICA 
YeT BbIMBITBIX AlileKeTOK u 3MroT. Uncso UX, KaK MPaBMJIO, COOTBET- 
BalO HHCY BCKPbITHIX PomIUKy 0B. Ip MOMOUM MacTepOBCKHX MNHMM€TOK 
@KJICTKH HW 3HTOTbI BbIIaBJIMBaIMCb H3 XKMAKOCTH HM MOMellaIMCb B KaMepy 
9% pacrsopom NaCl. 3urorsl H3y4asIHCb 2KHBbIMM, B BUCAYeH Karvle, 6e3 
BapHTeIbHOH oOOpaOoTKH, TOTYacC MocMe MB3BICYCHHA HS AMMCBOAOB. 
Je HCCENOBAHHA OMpeeMAIMCh OMJIOMOTBOPACMOCTb AWMWeCKICTOK HW TEMII 
3uTUA 3uroT. Bcero uccmeqoBaHo cBbile 300 alileKeTOK M 3MroT Ha pas- 


_ cTayM@aAX pa3sBUTHA. ! 
A3 ta6n. 1 BugHo, uTo cpequ 40 oO y4eHHEIX CaMOK, 
AHHBIM CaMIOM, OBYAWuA HacTymusa y 32, y OCTab 


MIOKPbITHIX BaSCKTOMH- 
HbIX BCKPbITHA POJVIH- 
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Ta6auna 1 


Tletictsue y-o6.1yyenua Co® kpomuKoB Ha ONMOLOTBOpeHHe H PaHHee pasBHTHe 
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BaactouuctTs 96 uac. 


Mpo6meuue 


712 uaca 


48 yac. 


24 uaca 


OnwnogoTBopenue 
20 uac.* 


enue 
onmorAdudonoler 


aodon 


-OLIBIrQ ()} 9OHOW 


aod 


-OWOLIBLO NZ—OF 


IVLOMTMOLOP IO 
oidHILreWdoH 


THK OLIHh 9eVNgQo 


ens 


eumorsAdudoHoser 


agodewoLoerg 9—-Z 


aodawoLoerg 6—), 


aod 


-oWOLIBIO YZ—OT 


aodow 


-OLOeIOQ QZ IMIGdo 


THK OFDHh ValIQo 
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-HododLOYoruoeH 
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* imeetca B BAY Bpemsa Mocne noKppitua. ** V3 Hux opyasinn ne Orin y 5. *** M3 wux opyaauuu He Onto y 2, **** M3 Hux OBYMALMM He ObI0 y OHOH. 


KYJIOB He mpousouio. Y 20 KoHTpo 
HbIX CaMOK OBYJIAWMA pase 
Bcex 6e3 HCKJIIOUeCHHA. 

IIpouent onsoJoTBOpeHHBIX AAI 
KuIeTOK Y OOJIYYeHHbIX CaMOK COCTa 
asa 70%, Y KOHTPOJIbHBIX 2KHBOTHE 
OMIOAOTBOpHemocTb Jocturma 97% 
oOmleMy HCY UCCeAOBaHHbIX AMI 
KleToK. HeonsooTBOpeHHbie AKI 
KJICETKH BCTpeyaJIMCb Y KDPOJIbYHX TI] 
Pa3HbIX CpOKaX BCKPbITHA, BIVIOTD ; 
96 uac. Y OMHUX CaMOK BCe AMeKJE 
KH ObIJIM HJM OMJIOQOTBOPeHHBIMH, HJ 
HeOMJIONOTBOPeHHBIMH, y Apyrux — 
MW [pyrue sBcfpeyasucb OHOBpemMe 
Ho. HeonmooTBopeHHble sAMeEK ICT! 
OObINHO HaXOJWJICb y2Ke C ABHBIMH Mp 
3HakaMH JlereHepallHu; BHYTPH O60 
JIOUKH HauWHaeTCA BaKYOJH3aluA Mp 
TOMMAa3MbI, MOCIeTHAA Yale BCero CH 
Ta WU oTJeeHa OT MpospayHoH odosc 
KH AHWUeKIeTKH. 

Uepes 20 yac. mocie moKpsin 
3HTOTbI OOJIYYCHHBIX CaMOK He OTWJ 
yaJIHCb OT KOHTPOJIbHBIX. Kak 4 
HOpMe, Yy HHX MOJIHOCTbIO OTCYTCTE 
BaJIM (POJWIMKYJIAPHbIe KJICETKM, Of 
wecc pacceHBaHHA JIYYHCTOTO Ber 
3aKOHUMJICA, KOHTYPbI Mmpo3pauH 
o6o04UKH 4eTKO OYepueHbI. Ha aT 
cTaqMM pa3BHTHA 3HFOTbI MpeHMyl 
CTBCHHO HMCJIH MpaBYJIbHy!O wWapoc 
pasHylo, pexke salueBHqHyIO dopM 
Y Bcex 3urorT Opiio no 1—2 HanpasBuTel 
HbIX TeJIblla, PaCMOJIOXKCHHbIX BHYT; 
Ml€PHBUTeJIJIMHOBOrO IIpocTpaHcTE 
BONH3H WpospayHon oOououKu. B og 
3pauHOH OOOIOUKe WB Me€PHBUTeJIIHA 
BOM IIPOCTPaHCTBe HMeJIOCb MHOFO KH 
YMKOB, Y KOTOPbIX YeTKO ObWIN BUTE 
TOJIOBKH H XBOCTbI; MHOrHe ObIIM CKS 
uBlMMHCcA. B WexTpe 3HroT xXopoL 
BH IHbI MY2KCKHe HW 2KCHCKHE MPOHYKA 
YCbl, PaCMOJIOXKeHHbe BONH3H Apyr 
upyra. Mywunopan o6o704Ka, Hacd 
WBalollaicA BOKpyr mpospayHo o6 
JIOUKH, elle OTCYTCTBYeT. 

Uepes 24 uaca nocme MoOKpbITHA 
CaMOK, OO y4eHHbIx 800 r, He HaGI0 
JIOCb 3HAYUNTEJIbHOFO OTKJIOHCHUA OT KO 
TpOJIA TeMna ApoOseHua 3uroT. Y KO 
TPOJIbHBIX CaMOK yepe3 24 yaca Oe. 
HX noKppiTua 83,3% suroT Haxog 
JIMCb Ha cTaquu 2 wapoB Apo6leHH 
y OCTaJIbHBIX MpONCXOAHIO CIMAH 
MIPOHYKJIeycoB; Y OOJYYeHHbIX XKHBC 
HbIX K 9TOMY BpeMeHH pa3poOum0 
88% s3uror. 


Heooxoqumo OTMETHTb H€paBHOMepHOCTb Pa3BUTHA 3UrOT OAHOL UM TOL 2Ke O6- 
«eCHHOM Camku. Hanpumep, y camxu Ne 103 yepes 24uaca mocie noKpbITHA 
ib SUTOT JocTHrIM craqun 2 apoB ApoOsenua, olna — 4, ofHa— 3 mapos, 
{Be AMUCKICTKH OKasaJIMCb HEOMMOOTBOPeHHBIMU. Y Apyrofi camKu, Ne 904, x 
y BPeMCHH MAT 3HTOT HaXOMMWIMCb B CocTosHUM 2 IMapoB ApobseHua, OL- 
—3 HM (Be alieknerku Opin HeOIJIONOTBOPeHHBIMH. 
IB mlocmeqyrouwe Cpoku UCCeqOBaHuA y CaMOK, O6y4eHHEIx 850 r, HaOsIO- 
(aCb SHANHTCIbHaA 3aep&KKa TeMila ApoOeHuaA 3uror 0 CpaBHeHUIO C KOH- 
JIeM. 
Y OOsY4eHHBIX CaMOK, BCKPBITHIX uepes 48 4ac. nocae NOKPbITHA, H3 YuCIAa 
OMOTBOPCHHBIX AMWEKIETOK TOmbKO 19% s3uror umeiu 10—20 mapos poo- 
ma, 57% umenu 4—9 1 24% —2—3 mapa Apo6menua. Y KOHTPOMbHBIX CAMOK 
pe3 48 uac. mocme NOKPBITHA BCe 3HroTbI uMeH 10—20 mapos Apo6menus, 
NIJIOMOTBOPCHHBIX AMIWeKIeETOK He BCTpeyamocb. CreqoBaTeibHO, 6ombuiaa 
‘Th 48-uacoBbIX 3HrOT OOMYUCHHBIX 2KMBOTHHIX OTCTaBaJla B pasBUTuH IIpH- 
pHO Ha 12—24 yaca. 
MB sTOT MepHod coxpaHANacb HePpaBHOMePHOCTb PasBUTUA 3UTOT Y OHOK 
oH 2Ke OOyueHHOH camKu. Tak, y camKu Ne 517 rpu 3urorsi umMenu no 7 ma- 
s [poOlenuxA, o0Ha umewia 4 mapa ApoOsenna u 3 3urorTbl pas_poOusuch TouIb- 
\lo Tpex 6nacromepos. Y camxu Ne 883 rpu surotsi uMemH oT 2 Jo 6 KpynHEIX 
ACTOMEPOB u OKOIO 20 MemKHX, OHA 3uroTauMena 5 OnacTromepos u 6 slite- 
TOK OCTAJIMCb He€OMJIOLOTBOPeHHEIMH. 
CpapHenue Temma ApoOleHua 3HrOT y CaMOK, MoxBepraBlIHXCA uM HeMOsBep- 
IMUXCH JeHCTBHIO HOHMSHPYIOWleH palualluu, UpousBeqeHHoe uepes 72 uaca 
€ MOKPbITHA, MOKa3aJlIO, YTO CpeAH 3MTOT OGJYYeCHHbIX XKHBOTHBIX TOJIbKO 
% JOcTuraAM cTaquu mopysbl, 20% suror umenu 10—20 mapos mApo6menua, 
%— 7—9 u 35% Aocruram 2—6 mapos Apo6nenuna. Pasmuune B Tene pa3- 
MA HaOOLaocb y 3HrOT OAHOL Mu TOM 2%e CamMKH. Tak, y camKu Ne 917 5 3n- 
» umMemu 2—4 mlapa Wpo6meHua, DBe 3uroTHl 5—6 wapos, Tpu 3uroTH 7—9 
Ha 3urota umMesa 20 wiapos Apo6menua. Y camku Ne 233 TombKo OHA oMm0- 
WBOPCHHAA AMMeKIeTKa Pa3BUBallacb HOPMaJIbHO UH JOCTHIsIa CTaMH MoO- 
BI, [PYrue 3HavHTeJIbHO OTCTaBaJH B pasBuTuH. [lepexojla 3uroT OOJYUYeHHEIX 
BOTHBIX B MaTKY K 93TOMY BPeMeHH He OTMeUaJIOCh: BCe OHH ObIVIH H3BJICUeHBI 
I enonon, V3 conocraBieHua 3THX Pe3YJIbTATOB cleyeT, TO 3-cyTOUHEIe 
POTEI OOJIYYCHHBIX XKMBOTHIX OTCTaBaJIH B Pa3BHTHH MO CpaBHeHUIO C KOH- 
peM IpuMepHo Ha 20—30 uac. 3urorbl KOHTPOJIbHBIX 2KHBOTHBIX HOPMaJIbHO 
BBUBAJIMCb, MpeBpallladcb B MHOFOKJIETOUHYIO MOPyJY, MH YaCTHYHO BxXOAMIN 
aTKY.« 
|Sallep2kka pa3BuTHA 3uroT elle Oomee BbIPAKeHa Y CaMOK, BCKPBITHIX Yepes 
Mac. B To BpeMA KaK y KOHTPOJIbHbIX 2KMBOTHBIX yepe2 96 vac. moce Mo- 
SITUA SMPOTHI PaSBUJIHCh WO cTaluu OlacTyJIbI C XOPOLWIO BbIpaxXeHHbIM Tpoo- 
hCTOM CO CKOrsIeHHeM TYCTOPAaCHOJOXKEHHIX OJACTOMePOB C BHYTPCHHEH CTO- 
HbI MpospayHol O6o0UKU, y OOJIYYeHHbIX XKMBOTHBIX Mbl HE BCTPeTHIM 3H- 
, pasBuBUIMXcA Wo sToM craquu. Y oOOMyYeHHbIX %KHBOTHBIX B 9TOT NepHor 
OBMHa 3HTOT pa3kpoOusacb TobKO fo cTaqun 10—20 OnacTomepos, Apy- 
MOMOBMHa UMewa MeHee 10 6jacToMepoB. vl 
Bee 9To noKa3piBaer, 4TO OOyYeHHe CaMOK HesafOsIrO NO OBYJIALMM HW OMMJIO- 
"BOPCHHA BbISKIBACT HE TOJIbKO CHY2KEHHe OMJIOMOTBOPAIOMNeH crlocoOHocTH 
eKIeTOK, HO HM HapylliaeT JlabHeHee Pa3BUTHE OMJOAOTBOPCHHDIX AUTC- 
PTOK, UTO BLIPaKaercd B 3afepxKKe MpoOseHuA uM Nepexofa B CweMytoulHe 
uu. Vnmrocrpaluet 3afepxKH pa3BHTHA 3HTOT Y OG6JIYYCHHBIX 2KMBOTHBIX 
PKET TAKIKE CJIY2KHTb UX PAaSMeLCHHE B MOMOBLIX MyTAX CaMKH. SMHYoTHI KOH- 
DAIbHBIX XKMBOTHBIX Yepes 3 CYTOK MocMe Hayasla pasBUTHA HayunaioT Mepe- 
aTbCA U3 ALMeBOLOB B MaTKy. Bce 3HroTbl OOJYYeHHBIX 2KHBOTHBIX, oyny4H 
BHBIMH MO CTeMeHH pa3sBHTUA, B TeyeHHe 4 CYTOK OCTaBaJIMCh B eee ier 
Vsyyenue pausuua y-styyei Co®® Ha caMoK, OOJIYYeHHEIX B 03ax i 
Yr, NOKa3a0, UTO HM B STUX CMYIaAAX ObluIO HapylleHO HOPMaJIbHOe PasBuTHe 
‘or. Kak BulHo u3 Ta61. 1, pa3BATHe MpoucXOUT C OoubINOn ee 


i 


Hu uepe3 3—4 cyTOK MOUTH BCe 3HFOTHI OblIM HEHOPMaJIbHbIMH. SHTOTHI, OCT 
JICHHbI€ BO BTOPOM pore MaTKH AIA UCCMeOBaHHA JalbHelllero pasBUTHA Mi 
NOJYYeHHA MOTOMCTBa, BCKOpe noruOwn. a 

Vi3102KeHHbIH MaTepHadl MO3BOUIAeT CUHMTATb, YTO AMICKIETKH KPOJIMKOB, 110, 
BePprluuxcaA Tepe OByIAWHeH OMHOKpaTHOMy OOLLeMy o6.1y4eHHto “4 anyday 
Co® g qo3ax 850, 300 u 100 r, xapaxTepusylorca BbICOKOM paqMouyBCTBUTeM 
HOCTbIO. O6 9TOM CBHJCTEILCTBYIOT CHH2KEHHE YHCa CAMOK C OBYJIHPOBaBLUMN 
(POMMHKYaMH, CHHKEHHE OMIONOTBOPACMOCTH AHIWEKMETOK HU 3aep Ka paHHt 
cTaqui pa3BuTua. 


VuctutyT reneruku Iloctynu10 
Akajlemuu Hayk CCCP 25 I1 1959 
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BHO®H3HKA 
H. HM. WIAMHPO, E. M. BOUAPOBA u H. B. BEJIMIMHA 


) «KHCJIOPOJHOM IPDEKTE», HABJIFOJAEMOM TIP JIYUYEBOM 
NOBPEXKXEHHH PACTHTEJIbHbIX HW )KUBOTHDbIX KJIETOK 


(ITpedcmaeaeno axademuxom A. JI. Kypcanocuim 2 II 1959) 


Onnot M3 HawOojlee yHMBepCa/bHbIX paMOOMOOrM4eCKUX 3aKOHOMePHO- 
i ABJIACTCA YCHJIeHHe SctPeKTHBHOCTH MOHH3MPYIOWINX BOsAeHCTBUl B Tex 
j¥aix, Kora OOyYeHHe NMpPOUCXOMUT B Cpee, re MpucyTCTByeT KUCOpOL. 
(ICOPOAHbIN a:pPeKT», KaK M3BECTHO, HMECT MECTO MPH HCNOMb3OBaHHH U3J1y- 
{MM C OTHOCHTEJIbHO MaJIOH YJebHO MOHMB3alNel HM CBA3AH, COrIaCHO JaHHbIM 
suuoro 4HCIIa HCCIeOBAHHH, C M€XaHH3MOM paMouN3a BOLI (1). 

3a TocequHe rofbl HataJl HaKaMIMBaTbcA akTHyeCKHHi MaTepHasl, yKa3bI- 
MMH Ha Oosee CJIOXKHBIN XapakTep «KucOpoqHoro addexta». Tak, 
“oc BbIABHTb YCHJIMBaloMlee MOopamkenne AeCHCTBHE KHCOpOLa, He CBASAHHOe 
/a7\MOJIM30M BOJbI, IPH OOy4eHHH WeoN03bI (”), TpumcHHa (*), a TaKxe 
p3uHa (*). 

,AHaJIOrMUHble JaHHble Obl MPOAeMOHCTPUpOBaHbI UM pH OOJyYeHHH HeKO- 
ibIX OuomOrMuecKHX OObeKTOB. IloKasaHo, HanpuMep, HamMuNe «KUCOpO- 
jo sexta» mp oOyyeHHH B 3aMOPOXKeEHHOM COCTOAHHM ApoxxKel (°) u 
NbIUbI TpageckaHuun (*). YcraHopmeHo, uTo atpPekTHBHOCTb OOMyYeHHA Cy- 
k CCMAH AUMCHA MeCHAeCTCH B 3ABHCHMOCTH OT TOFO, XpaHATCA JIM OHH Tocse 
WleHCTBHA B IPpHCYTCTBHU WIM B OTCYTCTBHe Kucoposa (*, *). Ha cemeHax 
(eHA OblIO TakxKe NOKa3aHO, 4YTO JOOaBOUHOe KUCOpOAHOe BOsAeHCTBHe, 
Ulyioujee HenocpeACTBeHHO 3a OOyueHHeM, ycuuuBaerT adekT moceqHero (°). 
PBeTe 3TOTO «KUCJOPOAHOTO NocTeLelcTBHA» MOryT ObITh NMOHATbI SKCHeEpH- 
Lies, yKasbiBalollNe Ha atpdeKTHBHOCTb HEKOTOPBHIX S3alI[MTHbIX BEI[eCTB, BBe- 
jHBIX MOCHe OGYYeHHA TAaKHX Pa3sHMUHEIX OObEKTOB, KaK C€MeHa KOHCKOrO 
ja (2°) w mpegcraBuTeel ofHoro u3 BUAOB rpbisyHos (Glis glis), oOyyeHHbIXx 
OcTOAHMH cnAuKH (1’). 

Ho HecmoTps Ha HasIMuHe YKa3aHHbIX BbILWe JAHHbIX, IPHXOMMTCA BCe *Ke OT- 
MTb HX MCKJIOUNTeEMbHOCTb HM CUNTATb, YTO BOINPOC O K«KHCOPOAHOM adekte», 
CBASAHHOM C PaMOJIM30M BOJbI, Hy2%aeTca mperke BceroO B HaKOIVIeHH 
‘THYECKOFO MaTepHasia, KOTOPHI MOSBOM Obl, C OMHOH CTOPOHHI, 
UTbCA B PacipocTpaHeHHOCTH 3TOTO ABJeCHHA, a C ApyroH — BCKPbITb ero 
po7ly. 

Safayel HacTOAero MCCIeEOBaHHA HW ABJIAeETCA MOKA3 Ha ABYX Pe3KO OT- 
HBIX THMaX KJI€TOK HaJIMuHA «KHCIOpOZHOTO scdekTa», He CBA3AHHOYO C Pa- 
JIM30M BOJbI. B KauectBe OObeKTa UCCIeEOBAHHA OblIM BbIOpaHb! CeMeHa A4- 
A WM KNeTKU aCUMTHOM KaplMHOMbI Opauxa y Mbuuei. [loKasaTesem NOBpex- 
bijero JlelicrBua u3slyueHuA Ciy2KuM XpOMOCOMHBIe abeppallun. BriGop 
oro TecTa JMKTOBAJICA Mpexkle Bcero 3HaYeCHHeM AJ@pHbIX MOBPexAeHUuH MIA 
BObI KJI€TOK, NOABeprulnxcA JIyYeBOMY BO3JeHCTBHWDO. 

Y-o6yyeHuio (Co®) nopBeprasucb ceMeHa AYMeCHA COpTa Bunep, cojep- 
mue oxon0 4% saaru. OOmaa Jo3a o6ryyenua 10 000 r mpu MoulHocTH AosbI 
t/mMuH. IIpopefeHbl creqyroujue BapHaHTbI OMbITOB- I. O6smyuenuve 10 xr. 
o6myuenne 10 kr u mposyBaHne O, B TeYeHHE 30 MHH. Yepes TI oan 
BONY, B KOTOPOM 3aMauHBaJIMCb CeMeHa MOCIe BOSHCHCTBUA. 111, VOY pe 


10 kr c aHaNOrMuHbIM mposyBaHvem Oy, yepes BOY, HCMOIbSyeMy10 WIA 3aMa 
BaHUA CeMAH mocme BosselicTBUA, B KOTOPOM mpesBapuTebHO OBI pacTBO 
meraOucymbput narpus (4-10-§ M); nocnegquee Obl10 ChemaHoO AA BbIACHCH 
BO3MOXKHOCTH CHATHA «KUCTOpoAHOro Mocsmepelicraua». LV. O6syuenne 10— 
vu Hocseqyioujee 3aMaunMBaHHe B pacTBope MeTaOucyIbpuTa HaTpuA, 6e3 100 
BOUHOrO BoselicTBuA KucmMopoma. Hapsayy c yKa3aHHbIMM OMbITaMM OblIIM 
cTaBICHIU TPH KOHTPOAbHHX BapuanTa: |) SamauuBaHue HeOOd} 
UCHHbIX CCEMAH B JUCTHJJIMpOBaHHO Bose B TeueHve 30 MuH.; 2) 3aMa4uHBaH 
HeOOJYYCHHBIX CeEMAH B pacTBope MeTaOucyJIbPpuTa HATPpHA B TeYeHHe 30 MHH 
3) 3aMauMBaHHe HeOO/yYeCHHbIX CeEMAH B BOE, MPH MponycKaHuu yepe3 Hee C 
B TeueHve 30 MHH. ’ 
Tlocue 3aMauMBaHUa CeMeHa TipopallluBasIMcb B TeyeHHe 2 CyTOK B 4allKa 
Tlerpu, Ha BilaxkHOH (buJIbTpOBaJIbHOH OyMare pu Temnepatype 22+1%. Kop 
(PUKCHPOBAIMCb CMeCbIO aOcOJOTHOTO cNupTa H JeqAHOH YKCYCHOM KUCJOT. 
Bacal hE 
Re peo mpenapaTbl KOHYMKOB KOpHeH OKpallMBaJIMCb YKCYCHOKHCJIBI 
opcenom mo Jlaxyp (2). HogcunTppamucb XpoMOCoMHbIe HapylieHua (MOCcT 
u (pparMeHTbI), OOHapy2KHBaemble Ip Mpocmorpe aHacas NepBoro Noce OO} 
ueHHA JeteHua. PesysbTaTbl 9KCMePHMeHTOB CBeeHbI B TaN. |. ; 


Ta6auua 1 


Uactota BOS3HHKHOBCHHA XPOMOCOMHBIX HapylWeHHH MIpH OO/lyueHHH CeMHAH 


AUMCHSA 

UacToTta XPpOMOCOMHbIX 

Yucao npo- HapywieHult 

YcsIOBUA HAMaUMBaHHA CeEMAH eMOoTpeH- 
nocme oOy4eHHA HpIx 

ee a6c. 4HCJIO % 
O6nyueHne | Bosayx 690 204 29,5--1,7 
10000 r_ | Os 669 274 40,441 ,9 
NaeS20; (4°10-8 M) + Os 539 99 18,316 
NagS2O; (4-10-8 M) 542 106 20,74 ,7 
Koutpowb | Bospyx 879 5 0,6-L0,2 
O} 578 3 0,5-40,3 
NaeS20; (410-8 M) 767 4 0,1-40,1 


IIpegqcraBieHHble JaHHble MOKa3bIBalOT, UTO YaCTOTa BOSHHKHOBeHHA Xpc 
MOCOMHBIX HapylWeHHi pe3KO BO3pacTaeT IPH KUCMOpOLHOH OOpaboTKe cemMaA 
HemocpeACTBeHHO Mocie HX OOyYeHHA. 

OcoOnili HHTepec MpeCTaBsIAeT 3allMTHOe AecTBHe MeTaOucybbuTa HaTpH 
IIpH ero BBeAeHHU NocTe OOyYeHUA MU TOT PaKT, YTO MPH HCNOMb3O0BaHMN 3ZTOF 
3alJHTHOO BeULeCTBA YaCTOTa XPOMOCOMHbIX HapylIeHH OKa3aslacb MeHbIIe 
He TOJIbKO 110 CPaBHeHHI0 C CepHel, re HMeNO MECTO JONOMHUTeIbHOe KUCIC 
powHoe BO3s,eHcTBHe, HO H NO CpaBHeHHIO C OCHOBHOL cepuel, re oOnyueHH 
OCYILECTBIIANIOCb O€3 KaKOH-1HOO NoceLyoujeh O6pa6oTKu ceMAH. Dror dak Pe 
BOPHT O TOM, UTO OObIUHO YYHTHIBAeMbI acekT OOYYeHHA BKMIOUAeT HW TY TOME 
mopaxkeHud OObeKTa, KOTOPaA O6A83aHa KHCMOPOAHOMY BO3JeHCTBUIO, He CBS 
3aHHOMY C paj{Mouu30M BObI. Heo6xoquMo ykKasaTb, YTO BHIABIeCHHaA Ou 
STOrO NOpaxKeHuA He Tak yxKe Masia. Ecum 3a elMHULy 2ccbeKTHBHOCTH MPHHAT 
TO KOJMueCTBO adeppallHi, KOTOPoe BO3HHKIO MpH o6yyeHHH cCyxXux CeMA 
AUMCHA O€3 KaKOli-NHOO JONOHHTebHOM ux O6paOoTKU, TO 9Ta JOA paBHE 
eTCA IIPHMEPHO OAHOH TpeTH. OTMeETHM MPH 9TOM, 4TO YCTaHOBJICHHDI yTeut 
HbIM Bec o*ppeKTHBHOCTH KMCOPOAHOrO BOsAelicTBUA ABAeTCH, CKOpee BCerC 
efO MHHUMAJIbHBIM 3Ha¥eHHeM. 

B Apyrod uacrn uccneqoBaHuA W3y4aHCb KeTKM aCIMTHOM KapiMHOM! 
Opluxa IIpu cefylouHxX BapwaHTax ombiTos in vitro: I. O6myuenue B BO 
myxe. II. O6nyyenue B ycnoBuax sBakyyma. III. O6nyyenue B ycnoBuA 
BakyyMa HM ocseqyroulee cofep»KaHne B BaKYYyMe B TeyeHHe 2 ac. 
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OXKHO ObWIO HaeATBCA, 4TO ConocTaBAeHHe LaHHEIX, MOJY4eHHEIX BO II 
I BapwaHTe OMbITOB, MO3BOJMT OTBETHTS Ha BOIIPOC, HME€eT JIM MeECTO «KHCJIO- 
HOe MOCeAeHCTBUe» IPH OOYYeHUM PaKOBbIX KJIeTOK. 

B KOHTPOTbHBIX BapHWantTax, mnposesenHEx OJHOBPeMeHHO 
BITHBIMH CEPHAMH, HeEOOJYYeHHbIe KeTKH HaXOLMANCh IIPHMepHO B TeyeHHe 
c.: 1) Ha Bo3qyxe, 2) B Bakyyne. 

MetoluKa paOorst Opiia celqyouei. AciuTHad x*HKOcTh or 4—6 mprei 
eKaslacb Ha 7 JeHb PpasBHTHA ONYXOM Mu WoBOAuMach NO onpeqeeHHor 
WeHTpall“n KeTOK (B 1 mM® 7-104—1-10° xerox) nyrem pasOaBeHus crTe- 
bHBIM PU3MOOrMyeCKUM PacTBopoM. JH SKCrepHMeHTOB, B KOTOPBIX OOJIY- 
Me MpoOBofuoch B YCJIOBHAX BaKyyMa, CYCIeH3HH KJIe€TOK MOMellaJIuCb 
Obl, H3 KOTOPBIX OTKAYMBaJICA BO3LYX (opBakyyMHbIM Hacocom. ITpo6ni 
Ta nofBepraiucb Y-oOlyyenuto B Jose 800 r, mp MoulHOcTH Jo3pI 290r/MuH. 
“ne OO YYeHHA OHA U3 KONO, Pe UMeICA BaKyyM, OTKPbIBaslacb, Tora 
« ApyraAk MpofowKasla OCTaBaTbCA 3aKpbITOH emje B TeyeHHe 2 uac. [lo 
eueHHH STOTO CpOKa aClWTHaA %HAKOCTb B KaxKJOM BapHaHTe OMNbITa BBOAH- 
ib 3—4 MbllllaM BHyTpHOpiowMHHO, no 2 Ma Kaxyou. Ananoruunbim oOpa- 
i (ucks0uad OOnyYeHHe) MpOBOAMIMCh H KOHTPOJIbHbIe 9KCMepHMeHTEI. Bee 
HMMYJIAWMM C aCILMTHOH KUAKOCTHIO, HauHHaA C MOMCHTA H3B/IeYCHUA ee OT 
(OUHbIX MbBIllieli MH KOHYaA ee JByXuaCOBbIM XpaHeHHeM Mocse OOyyeHUA, 
ae IipH Temnepatype Tatojero wba. 

‘Yepes 24 uaca nocie BHYTPHOpIOuIMHHOrO BBeeHHA OOYYeHHOrO acuta 
aM 9TOT aCIMT H3BJleKaJICA WH H3 Hero MPHTOTOBAJIMCb Ma3KH, KOTOpbIe 
KCHPOBaJIMCb MCTHJIOBbIM CIMPTOM WH OKPallMBaJIHCb M€THJICHOBOH CuHeH m0 
idepy u Iroxuurepy (*?). Ha maskax nodCuuTbIBaJIOCb YHCIO HOPMaJIbHbIX 
(a3 WH unCIO aHadas c aOeppalluAMH B MepBOM JemeHHu Nocme OOyueHHA. 
raOl. 2 MpHBeXeHbI MOJIYYeHHbIe WaHHble. 


TaonrnmaZ 


Uactota BO3HHKHOBeCHHA XPOCMOCOMHBIX HapylIeHHH pn OOJyYeHHH KJeTOK 
aCIUTHOH KapwMHOME! OpsmMxa 


Uacrota XpOMOCOMHDBIX 


| Ooo Bese’ | Mocaenyiouyue| CHO mpo- ua aiele 
Munoch obsy- seee CMOTPeHHBIX 
yeHHe aHaia3 GoaaR AG % 
| 
O6myyueHue Bosazyx Bosnyx 700 309 54 ,38+1,9 
$00 r Bakxyym Bo3yzyx 900 288 32,0+1,5 
| BaxyyM BakyyM 4226 296 24,11 ,2 
| (2 4aca) 

0 
| KoutTpoub Bosyyx Bosayx 200 9 4, Ore; 
| ; BakyyM BakyyM 200 6 3, 0=61),7 

| (2 aca) 


Jlanupie, XapakrTepusyr1ollue uacTOTY BO3HHKHOBCHHA XPOMOCOMHBIX Hapy- 
wi Mp OOMYYeHHM ACWMTHBIX KJICTOK B BO3AYXe MW BakyyMe, MOATBEp2K1aroT 
JOUIMECA JIMTePaTYPHbIe MaTepHaJIbl O CYLLECTBOBAHHH B 9TOM CJIYYae «KH- 
poguoro siexta» (**). Bmecre c TeM, MOyYeHHBIe B pa6ote @akTbl yKa- 
aloT H Ha Hamw4yue «KUCOposHOro MocsefelicrBuA». Tak, CoqepxaHue ac- 
a B aHa2POOHEIX YCIOBUAX Moce OOYYeHHA MPHBOAMT K HONOIHUTEABHOMY 
XKEHUIO YaCTOTbI BOSHMKHOBEHUA XPOMOCOMHBIX aGeppalluli. Takum oOpa- 
, B cayuae pakOBbIX KJleTOK, aHaJIOrH4YHO KJIeETKAaM AYMCHA, HMECT ee 
COpOMHEI abpeKT», He CBASAHHbIM C PaMOsM30M BOAPI. pa ae b 
neljHero cocTaBsaeT MpMMepHO OAHY TpeTb oT oOulelt actpdeKTHBHOCTH OOJY- 
MA B BakyyMe. OTMeTHM, UTO HM 3feCb, BEPOATHO, PeYb UAeT O MHHMMAAbHO 
MOXKHOM 3HAaUeHHM STOTO BJIMAHHA. 

Ycranopsenne «Kucmoposuoro aippekTa», He CBAZAHHOTO C PayHOJIM30M BONbI, 
rOlb OTIANICHHBIX B CHCTeEMATHYeCKOM OTHOLIeHHH OObEKTOB, KaK KJI€TKH 
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AUMCHA MW PaKOBble KJIETKM MJICKONMTAIOWMX, HECOMHEHHO YKa3bIBaeT Ha ero IL 
poKy!O pacpocrpaHeHHOCThb B paMoOnomormyueckux peakiuax. To oOcTOATeN 
CTBO, UTO STOT BHU, KHCOPOAHOTO BJIMAHMA OOHAPY2X*KEeH JMUWIb B CaMoe NOCUJE 
Hee BpeMA HW B CAMHUMYHIX HCCIeELOBAHUAX, ONpededAeTCA mperxe BCero MeT 
TMUCCKHMH OCOGeHHOCTAMH OOJIbINOTO UnCJIa paOOT, MOCBALLEHHbIX M3yu4eHH 
«KMCOposHOroO acpdekTa». 

Bonpoc 0 TOM, KaKOB (PH3HKO-XHMHYeCKMM Me€XaHH3M KUCJOPOAHOPO BJIMAHK. 
O KOTOPOM Illa pedb B HaCTOMMeH CTaTbe, TaK Ke KaK HM BONPOC O KOHKPeTHB 
IYTAX H3MCHCHHA YACTOTH! ADePHbIX MOBpexenu, TpeOyeT MaJIbHeMIWUXx H 
CJICMOBAHHH MW 3aCJYXKMBaeT OTIEIbHOrO PacCMOTPeHHA. 


Vuctutyt Onosornueckoi du3HKu Tlocrymuao 
AxkajemMuH HayK CCCP My GL IES 
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BHOXH MH f1 
E. B. BYQHHLKASA u H. PF. BOPHCOBA 


®EPMEHTATHBHOE OKUMCJIEHHE JIMMMIOB PACTEHMH 
NPM JEMCTBMM HOHH3SMPYIOWEN PAXHALHH 


(ITpedcmaeaexno axademuxom A. H. Onapuneim 24 1 1959) 


JIunuybl, Hapagzy c OenKkamu, es0KcH puOoHYyK/eHHOBOLi H PUOOHYKIeHHOBOLi 
oTaMH HM cnelu@uyeckuMu nowucaxapufaMu, onpelensmior HacuieycTBeHHbIe 
icTBa opranusma (1, *). BeneserBue sToro uccieqoBanve BIMAHMSA payn- 
i Ha JIMMMAHbIM OOMCH OpraHH3MOB MpeAcTaBiseT cywecTBeHHbIH HHTepec. 
\aKO paOOTbl MO H3YYeHHIO BOSMeHCTBHA HOHM3MPYIOUlMX usyYeHHH Ha an- 
I PacTeHHH HeEMHOTOUHCJICHHBI. 
3 npeAbiqyuux UCceLOBaHHAX HAMM ObIIO MOKa3aHO, YTO B OnbiTax in vitro 
oOyueHHH CyOcTpaTOB JIMNMMAHOrO OOMeHa — JIMHOJeBOL KHCJOTHI, Kapo- 
tp PacTBOPOB UX CM€CH —OKHCJICHHE JIMHONeBOM KHCJOTHI YCHIMBaeT CompsA- 
oe OKHCJIeHHe KapoTuHa (*). YcTaHOBJIeHO Tak Ke, YTO PepMeHTHAA CHCTeMAa, 
PIAOULaA HEHACHILCHHbIe MKUPHbIe KHCJIOTbI,— JIMMOKCHa3a B ONbITax in 
ycTtohuuBa K JlelcTBuIO OOyyeHuaA (°, *), TOrqa Kak B OMbiTax in Vivo B 
PbAX OOJYYCHHBIX PaCTeHHH pa3JIMUHbIX BHAOB (NWIeHHIUbI, AUMeHA, Caco- 
icon, TOpOxa) AKTHBHOCTb JIMNOKCH{a3bl, Kak MpaBHJO, YBeIMYHBAeTCA B 
bole 24 yaca na 30—50% (°-"). Brio ycTaHOBeHO, 4TO MOBbIWeHHe aK- 
fOCTH JIMMOKCHJa3bl B OMbITax in Vivo MpoOuCXOANT aHaJIOrHYHO VH3MeHE- 
_ oTHOCHTeNbHOLi MpOHHWaemMocTH OOJYYeHHOH paCTHTeJIbHOH TKaHH. 
MecneqoBaHve XUMMYCCKHX H3MeCHEHHH CBOOOAHbIX MH CBASAHHBIX JIMNHOB 
(CTbAX (acoM Mocse OOJYYeHHA NOKa3saJiu, YTO BO (PpaKUMH CBOOOAHDIX JIN- 
ts OOJIYYEHHBIX JIMCTbEB COJePXKHTCA MePOKCHAOB 3HAYHTEIbHO OOJIbUIe, 
|B HeOOJyueHHEIX (§). 
B HacTosimel paOoTe Mbl NpOAOM KHIM U3yYeHHe BIMAHHA PCHTTEHOBCKOTO 
VueHHaA Ha H3MeHeHHe CocTaBa CBOOOAHBIX JIMNHAOB pacTeHHH pa3/IMYHbIX 
bB, a TakxKe ucceqoBasiH cdbepMeHTAaTHBHY!O NpHpoxy oOpasoBaHuA MepoK- 
iB B JIMCTbAX PacTeHHH, OOPasyiOlWlNXCA B pesyJIbTaTe BOSeHCTBUA HOHU3H- 
mero u3yueHus. 
DOnyuenmo nofBepranucb 10—14-yHeBHbIe mpopocrku qacoun JlaTBua 
iMeHa Buuep, Bbipamenuple B TenHue. Ilepex oOsryyeHvem mpopocrKu pa- 
Mil OCTOPOXKHO BbIKAalIbIBaJIHCb H3 3eMJIM HM MOMeLLaIMCb B CTaKaHbl C BOO- 
300HOl Boo. KopHu pacTeHult mpeABapHTebHO OTMbIBaJIMCb OT 3EMJIN. 
WueHHe MpoHsBosMIocb Ha yctaHoBKe PYII-1, c MOIWMHOCTHIO OO YueHHA 
| @oxycuom paccrosnuu 22 cm) 595 r/mun. [MameTp JIMCTOBOH KPOHBI He 
jbiuias’ 9—11 cm. Uepes 24 uaca noce OOyYeHHA MaTepHaJ! BbICyMMBaJICA 
| MOMOLM JIMO@HIbHOH CYLIKH. : 
SbIeMeHHe JIMNUJOB Np HCCeOBAHHM XHMMUECKHX H3MeHeHHA CBOOOMHDIX 
{AZQHHEIX JIMMMJOB B JIMCTbAX pacTeHHlt NpH OOyYeHHM MpoBOAMIM Np 
PUM SKCTPaKIHu NeTpomeliHbiM SPHpOM MPH KOMHATHOH TemMepaType, Co- 
HO HeCKOJIbKO BHJOH3MeCHeHHOM HaMH MeTOAUKe, ONHCAHKOH B paOoTe (*). 
CBOOOMHBIX H CBASAHHBIX JIMMMaX KOHTPOJbHbIX H OOJYYCHHEIX pacrenuit 
OJMIM olnpeyeseHve nepokcuoB m0 MeTOAY [Tnapuuga u Xaprmaua (7°). 
fg WaHHDIxX, NpHBeAeHHBIX B TAG. 1, BUAHO, YTO peskHe USMeHCHUA HaOJ10- 
tea npu nose 1000—10000 r. B ra6u. 1 mpuBeyenbl AaHHble 13 cepuii onbiros, 
eNeHHbIX C 2—3 NapaJVJIeIbHbIMU ON peeeHHAMH. CpefHne HaBeCKH Cyxoro: 


IpHawta JA KaxKOro OMbiTa He MpeBbIWau 0,1—0,3 r. 
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TaOamula % 


BanaHHe HOHN3HpyIOWMx usTyYeHM Ha CosepRKaHHe MeEPOKCHAOB (bpakUMH CBOOOAHBIX . 
IIMOB B JIMCTbAX MPOPOCTKOB 


CofepxaHHe MepOKCcH- Conep2kaHHe nepoKe 
Bpema moc- OB See e OB ; 
6. - ————E— 5 ——— 
ae may Bapnant ES ae BapuaHT ee ; E 
ci AO KERCY x. % 1 Kr cyx. % 
Beca Beca ¢ 
@Macowub @Macoudb 
1/6 Heooy4. 2,450 | 100,0 24 Heo6ayu. 8,425 | 100,0 
1000 r 5,970 | 2438,7 10000 r 13,220 | 157mm 
see Shs ns fanpage 94 | Heo6nys, | 2,670 | 100mm 
1/4 Heo6uay4. 1,730 | 100,0 40000 r_ | 3,477 | 130mm 
4000 r 2,270. | 445,2 
10000 r 3,930 | 226,7 Topox 
2 Heo6ayu. 1,537 | 100,0 1/4 Heo6nyy. | 2,960 | 100,0 
1000 r 2,649 | 172,2 40000 r 7,200 243,0 
40000 r 2,846 | 182,7 : 
2 Heo6ays. 3,793 | 100,0 AAME HE ' 
1000 r 5,66 | 149,38 6 Heo6ays, | 16,600 ; 100,0 
2 Heo6ayu. 3,793 | 100,0 10000 r 83,800 | 505,0 
40000 T 4,487 4418.3 9 Heo6ay. 4,300 100,0 
4 Heo6ayu. 1,730 | 100,0 40000 r 5,400 | 120,9 
4000 r 2950) Tao 
4 y 2 Heo6nyu. 0,700 100,0 
10000 r 4,720 | 261,2 40000 + 07900 | 125.0 
24 Heo6ury4. 0,411 | 100,0 24 10000 r 2,500 | 375,0 
1000 r 2, 300° | 5590 | 


Kak ABCTBYeT H3 MIPHBeJeHHbIX JaHHbIX, (ppakiHA CBOOOMHDIX JHMM 
B OOJIYYCHHBIX JIMCTbAX MPOPOCTKOB COAepXUT MepoKcuAoB B 2—6 pa3a Gob 
YeM B HeOOJIYYCHHbIX JIMCTbAX. 

OnpeyemteHHe nepoKcHAOB BO (ppakUMH «CBASAHHbIX JIMMMAOB» NOKa3auJo, 
pH oOOsyueHHH OOpa3yeTCH OUeCHb He3HAYHTEIbHOe KOJIMYECTBO MepeKHC 
(0,16—0,42 mr-9kB Ha | xr cyxoro Beca), 4uTo cocraBiaeT 3—5% K KOHTPOM 
OjlHako cojlepKanHve KosMuecTBa MepeKHceli H BO (pakUMU «CBASAHHbIX JUN 
OB» pH OOJyYeHHH U3MeHAeCTCA AaHAJIOTHYHO H3MeHEHHIO COJepxKaHuA nef 
KuceH BO (pakUHH «CBOOOJHBIX JIMMMOB». 

Jlanee u3 Ta6. 1 cmeqyer, uro aOcom1oTHOe KOMHYeCTBO MepeKuce B ODH 
M TOM Ke KyJIbType He BCerfla OfMMHaKkoBO. Han6ombitee KoMMYeCTBO TepeKHe 
MbI HaOs0JaM B JMcTbAX 10-HeEBHEIX MPOpOcTKOB BeCeHHe-wleTHeErO MepHos 
B oceHHe-3HMHHH Ce30H KOJIMYECTBO MepeKHcelt B JIMCTbAX 3HAYHTEIbHO MeHBI 
KaK B KOHTPOJIbHBIX, TaK HM B OOJIYYCHHBIX PaCTCHHAX,— BePOATHO BCJeACTB 
MeHee HHTCHCHBHOPO OOMeHA BeLIECTB, YTO OOYCJIOBIHBAIO 3aMeIeHHOe pasB 
Tue. JIA pewieHuaA BOMpoca O MpHpose OOpasoBaHHA MePOKCHOB B JIMCTHAX 
oOOTYYeHHM pacTeHuh HaMM ObWIM MpOBeLeHbI OMBITHI, B KOTOPHIX JMMOKCHAas 
cofepKallaicaA B MpopocTKax, OblJla MHAKTHBUPOBaHa MponapuBaHHeM JIMCTh 
B Teyenue 7—10 Mun. AKTMBHOCTh JMMOKCHAa3bl MPpOMapeHHbIX JIMCTbEB MPO! 
paJlacb MAHOMeTPHYeCKMM MeTOJOM (B amnapate Bap6ypra). Hafiqeno, uro de 
MEHT JIMMOKCHa3a B STOM CJLy4ae MOMHOCTHIO HHAaKTUBUpyeTcaA. Hamu Onin ME 
BeJeHbI ONBITHI! C OOJIYYeHHeEM MpomapeHHBIX IMcTbeB (pacomm JlarBua 
TH6puy 841. 

B kauvecTBe KOHTPOMbHBIX PacTeHuh Opamucb HeOOMYYeHHBIe CBExKHE JIMCT 
MPOPOCTKOB; B KavecTBe OMbITHBIX: 1) MpomapeHHble MCTHA, 2) MMCTbA, MpenE 
PUTeIbHO MponapeHHble, 3aTem OOsyueHHbIe 10000 r, u 3) o6myueHHbIe HCTE 
[lomyueHHble JaHHble MpuBeseHb! B Tabu. 2. 

Kak BHAHO H3 Ta6. 2, OOyYeHHe JIMCTHEB, B KOTOPbIX JIMMOKCH\a3a HHaK1 
BupyeTCA MapoM, He MPHBOAMT K YBeMYeHHIO cosepxaHuA nepoKcnyos. F 
NPOTHB, OOyueHHe, MO0-BUMMOMY, cloco6cTByer JaJbHeliliemy pa3pylwieHl 
496 


Sar Oni yiiiea ae 


InHHe HOHMSMPYIOWNX HsIyueHHi Ha CoxepxKaHne nepoKcuson (pakuuu «cBOOOAHEIX 
JMMMOBY B JHCTbAX MPOPCCTKOB, MOABeprHyTbIX BOsAelCTBHIO Mapa 


Comepxkanne mepoKcu- 5 Fe Comepxkanne MepoKcu- 
OB 2 g OB 
BapuantT nm & Bapuantr 
MI-9KB Ha | , a>. Mr-3KB Ha 
ee ma en ae: pec, uae 
KoutTpoub 2,490, 100,0 24 | KoutTpoup 9, 423-1 4100,0 
1000 0,970 243,71 IIponap. 4,841 89,3 
IIponap.+1000r] 41,140 46,5 Mponap.+10000r} 4,803 79,4 
: KoHTpoJIb 6, 485 100 ,0 24 | Koutpoap 106 ,4 100,0 
| TIpomap. 4,660 71,9 10000 r 161 ,0 150,6: 
IIponap.+10000r| 4,829 28 ,2 IIponap.+10000r} 62,9 09,4 


IMHOB, BbISBAHHOMY IIpomapHBaHHeM JIMCTbeB. OOsyueHHe JMCTbeB HeMpo- 
PEHHOTO KOHTPOJIbHOTO paCTeHHA, MpoBeAeHHOe MapaJVIebHO, MpHBOLUT 
eo, BO3PaCTaHHWo MepekuceH JMMHAOB. CuleqoBaTebHO, OOpasoBaHne mep- 
PHAOB ABMAeTCA MpoleccoM (epMeHTAaTHBHBIM, MpoTeKalouluM C yuacTHeM 
MOKCHla3bl, TAK Kak OOJIyYeHHe CBEXKUX NuCTbEB acon Joso0k 10 000 r npuBo- 
on TOJIbKO K AKTHBALMM JIMNOKCHa3bl, HO M K COOTBETCTBYIOILEMY yBeuHUe- 


nepekucet (°, °). 
Takum oOpa3om, Kak OblIO paHee HaMH NOKa3aHO, XapaKTePHBIMH OCOGeH- 
CTAMM JeHCTBHA U31YYeHHA Ha JMNMOKCHAasHy10 cucTemy in vivo sBssetcsa 
MEHEHHE AKTHBHOCTH (epMeHTa MPH 3HaYHMTeIbHO Goslee HU3KUX O3ax, 4eM 
mbitax in vitro, M HamMuMe cTalMu aKTUBallun tbepMeHTHOM CHCTeMbI Ip He 
1 BbICOKHX O3aX H MaJIOH MPOAOJXKUTeEMbHOCTH HHKYOalluu nocie ObNy- 
HHA. OMHOBPeCMeHHO C YECJIMYCHHEM AKTHBHOCTH JMMOKCHa3bl yqaeTCA KOHCTa- 
posars HapacTaHve KOJIHYeCTBA NepeKHCel JIMNUAOB B JIMCTbAX MPOpPOcTKos, 
MYYCHHbIX CPaBHUTeIbHO HH3KHMU Jlo3amu (1000 1). 
Ha6stofaemoe okucleHve uMHOB pacTenult OOycloBeHO elicrBuem dep- 
HTOB in vivo, TaK Kak mpu OOJyyeHuH cy6cTpaToB jMnMAHOTO OOMeHa (%) 
MMCTbEB, B KOTOPBIX JIMMOKCHa3a Obila HHAKTHBUPOBaHa apoM, noLoOHoro 
eIMYCHHA MePOKCHOB He OTMeUeHO. fs 
Mlonyyennple AaHnple WaT OCHOBaHHe CUHTATb, YTO IPH AeHCTBHM HOHUSH- 
HOULMX M3JyYeHHH MpOoUcxoLUT dPepMeHTATHBHOE OKHCJIEHHe JIMNMAOB pacTeHHun, 
meJCTBHe YerO YBEIMUMBaeTCA COMep2xXaHHe MePOKCHAOB, OOMAaLaroluluxX TOKCH- 
°KUMH CBONMCTBAMH H CnelMduyecKuM (busMosoruyecKHM JelictBHem. WjeutTu- 
KalluA MepoKcuJoB, oOpasyloulmixcA mpH OOyYeHHM pacTeHUH, M UCCIeLO- 
Hue UX POH H UsHO/IOrHYeCKHX CBOHCTB NpeACTaB/IAeT 3HAYMTCbHbIM 
Tepec. 


VucturyTt Ovoxumun um. A. H. Baxa Tloctymu10 
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Ba, CO6opH. Paguo6uonorua, Tp. BcecolosHolt-Hay4HO-Tex HAY. KoHep 110 he tarrresgal de? 
JAKTUBHBIX HW CTAOW/IbHBIX H30TONOB H H3JIyYeHHH B Hap. X03. WM HaykKe, Visn. AH CCCP, 57, 
276. ® EE: B. Bynauuukaa, H. fr. Bopucosa, eel Th a ehh a 
oxumus, 23, B. 6 (1958). % K. Z. Zirm, A. Pongratz, W. cme a y, 
chem. Zs., 326, No 6, 405 (1955). 1° 1. Glavind, S. Hartmann, Acta chem. 
nd., 9, Ne 3, 497 (1955). i 
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Jlorxagme Anagemun nayk CCCP 
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BHOXUMH, 


H. C. PEJIbMAH, HW. fF. KYKOBA u akagemux A. WH. ONAPHH 


BJIMAHHE JE3OKCHPHBOHY KJIEASbI 
HA OKHMCJIEHHE SBJIOUHOM KUCJIOTbI JIMZ3ATAMM BAKTEPHA 
MICROCOCCUS LYSODEIKTICUS 


Panee Oblulo yCTaHOBeHO, UTO CHcTeMa CPepMeHTOB, OKMCJ1AIOUIUX AOOWHY 
KUCJOTY, — MaJIMKOKCH\a3a — XapakTepH3yeTCA 3HaYHTebHOH YCTOHYMBOCTB 
K HapyIeHH10 CTPyKTypbI mpoTomMasmbl. Belo moKasaHO, 4TO 3Ta CuCTeMa Ge} 
MeHTOB JIOKaIM3yeTCH B WMTOMMAasMaTHYeCKHX MeMOpaHax — «TCHAX», KOTOPb 
MOFYyT ObITb NOMYUeHbI KaK yYTeM OOpaOOTKH BOAO MpOTOMMACTOB, MO Y4eHHB 
u3- Micrococcus lysodeikticus, Tak H HeMOCpeACTBEHHbIM JIM3HCOM YKa3aHHB 
OakTepHit MH30ILMMOM B OCMOTHYeCKH HecTaOuM3sHpoBaHHOH cpese (7, 7). Lvn 
lvWia3MaTHUeCKHE MeMOpaHbl MpescTaBAwT coOoli CTpyKTypHbIe OOpasoBaHHi 
oOseKatoulue IWUToOMMasMy KJIeTOK OakTepHH, COCTOAT H3 OeKOB, yruleBorC 
M JMMOUJOB M Cosep2KaT pA depMenTHEIX cucTem (3%, 4). 

Ilpu u3y¥eHH MaJIMKOKCHa3bl B WHTOMIa3MaTHueCKHX MeMOpaHax, He OTM 
JICHHBIX OT JIH3aTAa, ObIIO CHeaHO HaOOAeHHe, UTO B PesyJIbTaTe PacienJeHy 
HaXOMAMlelicA B JIM3aTe BLICOKOMOJMMepHOH Ae30KCHPHOOHYKJICHHOBOH KUCJOT 
(HK) qesoxcupu6ouykea3on (JLHK-a30%) mpoucxoquT nomHoe mpeKpalileHr 
WeHCTBHA MaJIMKOKCHa3bl, BbIparKalollleecd B MpeKpallleHHu MOFJIOWeHHA KI 
clopoa M3aTOM 3a c¥eT AOMOUHOM KuCJOTHI (1). Hamuune cBA3u MexKy coxp: 
HeHveM JIHK B mu3aTe OakKTepHabHbIX KJIeTOK, COJepKallleM WUTOMIAa3MaT! 
yecKHe MeMOpaHbl, H AKTHBHOCTbIO CHCTeMbI OKMCJIMTeCJIbHO-BOCCT@HOBHTEeJI bHBI 
(PepMeHTOB Ka3aJIOCb TpyZHO OObACHMMBIM. B HacTosuleH paOoTe Opiia chemak 
MOMbITKa BbIACHHTb M€X@aHH3M 3TOFO ABJICHHA. : 

MertrodAuxka. B onpirax ucnomb30Baiu KyIbTypy OaKkTeput Micrococet 
lysodeikticus, u1ramm ®xemuura. BoipamtuBpanue u cOop OakTepHasIbHOH mace 
IIPOBOAHWJIM COrlacHoO paHee omMcaHHor MeToguke (*). [IpuMeHamM JM30MM H PI 
Oouykuea3y ‘aHranicKkoh dupmpr Light u qesoxcupuOonyKmea3sy YexocOBallKe 
cbupmer Lachema. JIusuc mposoguau B 0,001 M coctatuom 6ydepe pH 6, 
B1lma OakrepvaibHoH cycneH3uM codepxKasocb 40 mr OaKTepnasbHOM Macc 
(25% cyx. Bec). Ha | ma GakrepnaabHo cycnen3uu BHocusu 0,05'mn 0,1 M ho 
tparHoro Oydepa, comep»Kaujero 25 MgSO,, 50 7 aH30MMa HB HEKOTOpEIX Ci) 
yaax 500y JHK-a3ss1 una PHK-a3er u 5 mr MgSO,- 7H,O. JIu3uc Benu mp 
37° 30 MMH. HenocpecTBeHHO B cocyfuKax Bap6ypra. Ilocme oKoHuaHy 
JM3uCca OTOMPaIM MpoObl AA SIeKTPOHHOli MHKpOCKONMM MH OMpeleiamH Mm 
rlouleHHe KUCOpoqa, AA vero BHocuiu 0,1 ma 1 M HetitpanbHoro pacrsof 
AOMOUHOH KUCJIOTHI. < 

Dukcalluio mpod AA 91eKTPOHHOM MMKPOCKONMH MpOBOAuIM m0 MeTOLHE 
Ilanay (*), Mpemaparst 3aTeM OunuLamHM AMaM30M 0 MeToxy Kpucc c corp. (@ 
NOATCHAM XPOMOM H IIpoCMaTpHBasM Ha MuKpocKone YQM-100 (ma6opatopu 
QICKTPOHHOM MukKpocKonuu AH CCCP). 

J\IA BEIACHCHHA MPH4YHH MOLaBJIeHHA AKTHBHOCTH MAJIHKOKCHAa3bI B JMS: 
Tax, OOpaOotraHHpIx JLHK-a30i%i u PHK-as3oili, 6pim0 IIpOBeleHO KOJIMYeCTBEHHC 
OmpeAeeHve aKTHBHOCTH MaJIMKOKCHAa3bl M0 MOPIOWeHHIO KHCOposa B YK 
SaHHBIX YCOBMAX. IlapanmembHO OcyuecTBIANM MpocMOTp mpemapaToB B 9/el 
TPOHHOM MuKpockone (puc. 1). Ucxoqa u3 pador Beli6yaia (7), noKasaBuel 
cTaOMJIM3Hpyloulee LelicTBHe HOHOB MarHua Ha CTPyKTYPY WHTOMMAasMaTHyUeCKE 
memOpan B. megaterium, mu3uc OaKkrTepuit mu30nMmom u JLHK-a30li uau PHI 
a30H MPOBOMMJIM B MIpHCyTCTBHM H OTCYTCTBHe HOHOB MarHua (TaGuI. Ly 

K ak BUAHO U3 MpMBeeHHDIX LaHHbIX, JM3HC OakTepuit MH30LMMOM B OCM 
THY€CKH HeCTAOHH3H POBaHHO! Cpee IPHBOAMT K OOpasOBaHHtO H3aTOB, cose 
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Pue. 1. Bansnne qes0kcupHOoHykKseasbI Hal oKHCeHHe AOMOUHOH KHCMOTbI H3aTaMH 
Oaxtepuii Micrococcus lysodeikticus. a—6e3 Mg, 6e3 J(HK-a3p, 6 — 6e3 Mg,c 
JIHK-asoli, e —c Mg, 6e3 JIHK-a3p1, 2 —c Mg, c JHK-as3on 
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WMMMX MWMTOMIASMaTHYeCKHe MeMOPaHbl, B KOTOPbIX COXPaHAeTCA aKTHBHaA 
TeMa MaJIMKOKCHAa3bl, eHCTBHe KOTOPOM MOXKHO H3MEPHTb MO MOrMOMLeHUtO 
rnopoga. ITpopegenue u3uca pu CoBMecTHOM BosselicrBuH wM30luMa Hn JLHK- 
I MpHBOJMT kK MOJHOMY mnosaBue- 
2 Ta6auna 1 

yKa3aHHOH cHucTeMbl (pbepMeHTOB. 

Hbl MarHMA OKasbiBaloT craOumusupy- BlManue ae w PHK-aspt_ na 
tree melicrBue He TOJIbKO Ha CTpyKTy py OKHCJICHHe AOMOUYHOU KMCJIOTHI JIM3aTaMU 


M 3aBHCHMOCTb Tipomecca oT IIpHCyT- 
OMJIa3MaTHYeCKUX MeMOpaH, HO MHA crsBua MoHOB MarHua (ua O2 Ha 40 mr 


MmuKOKCHasy. O6dpa6otka JIHK-a30ii OakTepHaIbHoOw Macc 3a 30 MuH.) 
aTOB, coflepxamux MgSO, B Kontent- 
uu 0,02 M, conpopoxaetca cpas- 
ITEIbHO HeOOJIbLIMM MOaBJIeHHeM AKTHB- 
TH MaJIMKoKcHAa3H (33%). Tloun- 
jHMe CojlepxKanuaA uoHoB maraua co- es AHK- 


Bapuaut Jlu3at Wrieoere 


i es MOCTENCHHBIM HapacTaHHeM HK -asot 00 rc 
'I€HH UYBCTBHTeEIbHOCTH CepMeHTHOH C PHK-asoii 25 118 


i 


eTemMbl K J[HK-a3e. B mnpucyrcrsun 
105 M MgSO, nofapmenne akTHBHOCTH MaJIMKOKCHa3bI MOL Jelicrsuem JLHK- 
bl ocTuraet 55%. PHK-a3a, noflo6uo JIHK-az3e, noxapaaer elicrsue Masu- 
KCHAA3bl, HO MOJIHOrO HCYC3HOBCHHA AKTHBHOCTH B 3TOM CJIy4ae HaGIOLaTb 
| yNaerca. CHumKn, MmpecTaBsieHHble Ha puc. 1 au 6, 6, 42, CBUeTeMbCTBYIOT 
OTCYTCTBUM 3aMeTHBIX pa3s/IMYHH MeKAY WHTOMMAasMaTHYeCKHMH MeMOpaHamMy, 
NYYCHHbIMH B pesybTaTe wu3Hca c JLH K-a30n u 6e3 nee. Mnaa kapTunanabu0- 
STCA IIPH ConmocTaBJIeHHH MeMOpaH, MOJIYYeHHbIX B MPHCyTCTBHM MOHOB Mar- 
sl, C TAKOBbIMM, MOMYYeHHBIMH B ero oTcyTcTBHe (puc. | au @, 6 u 2). MemOpa- 
,» MOUYYeHHbIe B TIPHCyTCTBHH MOHOB MarHHA, XapaKTepH3yIOTCA OoJIbIel 
THOCTbIO. ITO COOTBETCTBYeT HaGJIOJCHHAM Ha MeMOpaHaMH Apyrux Oak- 
put. [lo tanupim BetiOyana, MemOpaupr B. megaterium, nomzy4eHHble B MpHucytT- 
MM yYKa3aHHbIX HOHOB, cosepxKaT Ha 10% Gombe GemKOB, YeM MeMOpaHHl, 
WIYYeHHbIe B ero oTcyTcTBHe. BeposATHO, BbICOKaA aKTHBHOCTbh (pepMeHTHO! 
CTeMbI MaJIMKOKCHa3bl B TaKHX MeMOpaHax OODbACHAeTCA oOMmpesesIeHHbIMH 
j ronenrps MX CTPyKTypbI H cocTaBa. BuHeceHue HOHOB MarHHAl B OLTHMA€JIb- 


KoHWentpauu (0,02 M MgSO,) mocae Toro Kak mpoulem JIM3HC JIM3OH- 
u JIHK-a30%, we mpHBoquT K BOCCTAHOBJICHHIO HCXOQHOH AaKTHBHOCTH, 
baueHHOH B mpollecce JM3HCa. 
‘Takum o6pa3om, mpoBeeHHble OMBITH MOKa3sbIBaloT, ¥TO paculenmeHue JLHK 
TepHasIbHOrO JM3aTa MPHBOAUT K MpeKpaulleHHI0 AeHCTBUA MaJIMKOKCHAa3bl. 
1a M3 Toro, 4TO mpH pacilenmeHuun JIHK Tepaerca xapakTepHoe AA ee 
“ABHOFO COCTOAHUA paciO/IOxKeHHe MOHOHYKJICOTHAOB, MOXHO ObINO OBI 
laTb BbIBOJ, O TOM, UTO HaOsOLaemoe AelicTBHe MaJIMKOKCHAa3bl OOYCAOBEHO 
aToH BHYTPpHMomeKyApHoH crpyKTyppl THK. Ho mockoubky B Mmpucyt- 
HM MOHOB MarHHal JleHCTBHe MAJIMKOKCHa3bl COXPpaHAeTCA, XOTH HOHbI MAHA 
penatcrBy1or mpoleccy cbepmenraTuBHoro pacuensenuA JLHK, To HanOouee 
OATHEIM ABJIAeTCA Mpenomoxwenuve o pou JIHK Kak tbaxtopa, co3faloulero 
CTPaHCTBeHHY1!0 OpraHH3alluio CHCTeMbI (epMeHTOB MaJIMKOKCHAasbl Ha Hal 
€KYJIAPHOM ypoBHe. B 9TOH CBA3H MOXKHO MpOBeCTH aHaJlorHio C AaHHbIMH 
pexoro u Osndpu (°), mpoeMoHCTpHpoBaBLUMMH HeaBHO ABJIeEHHE pere- 
allMH BKJIOUCHHA MeYeCHBIX aMMHOKUCOT H CHHTe3a AT® mpu 3ameHe AHK 
Pp Ha MOMMaHHOHbI ompeeneHHOH CTPYKTY PHI. 


Iloctynu.10 
LMTMPOBAHHAS JIMTEPATYPA 16 II 1959 


1A. YW. Onapun, H.C. fenpman, H. I. Ky Kosa, MA Jly ko a- 


93, 909 (1958). @H. C. Peabmad, les UE: Ky Kosa, 
| iam oaats Ba, A. a O eg p uu, Baoxumusa (1959), B nevaTn. $ A. Gilby, 
Few, K. McQuil!len, Biochim. et Biophys. Acta, 29, 21 (1958). C. Wei- 


. mi iol., 12, 1 (1958). ®&°G. Palade, J. Exp. Med., 95, 285 (1952) 
| " eet aaperopia Bu te 3 pa, A. M. 3omkoBe Pr, Muxpo6uon., 17, 48° 
ere wetb wit s Bxp. Cell “Res., 10, 214 (1956). * V, Allfrey, 7A. 
rsky, Proc. Nat. Acad. Sci., 44, 981 (1958). 
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BHOXHMH; 


Axagemuk AH ApmCCP C. K. KAPAMIETAH u H. I. MHKAEJIAH 


AMHMHOKUCJIOTHbIN COCTAB AMYUHbIX BEJIKOB TIPH PA3JIM4HBbI 
YCJIOBHAX COMEPSKAHMSA NTHL 


VintencupHad KuJlerouHad cHCcTeMa cCOflepxKaHHA KYP-HeCyLleK, LIPO! 
pacmpocrpaHeHHas Kak B CCCP, Tak wm 3a pyOe2KoM, UMeeT px] IpeHMyulec: 
nepey OOblmuHOH — BbIryIbHOH cucTemol. KuerouHad cucTeMa coJlepxKaHusA CO 
JaeT BOS3MOXKHOCTb JIA MAKCHMaJIbHOH KOHILCHTpallMH MPOHSBOACTBa, MeXaHl 
3allHH TpyHOeMKUX Mpolleccos, Sowlee steKTHBHOFO HCHOMb3OBAHHA IpOK3BO, 
CTBCHHBIX MIOUaqel, JIMKBU aA Ce30HHOCTH B NPOMSBOACTBe AMI, MH MACA HU, H 
KOHEL, JIA 3HAYMTEIbHOFO YBEJIHYEHHA MPOAYKTHBHOCTH NTHIEBOACTBA; NPH 9TC 
OHa OOecHeyHBaeT BbICOKYIO TOBAPHOCTb VM PeHTaOeJIbHOCTb. 

Bo3HukaeT BOMpoc, He OKa3bIBaeT JIM COJep*KaHHe MTHIUbI B KJIETOUHBIX YCJI 
BUAX OTPUlaTeIbHOe BJIHAHHE Ha MOJIHOWeCHHOCTb AMWa, B UaCTHOCTH Ha MOJ 
KYJIAPHY!O CTPYKTYPY AWYHBIX OesKOB. 

VUccneqopanua C. VW. Cmernepa (*), Baayuta (7), A. A. Bepesosexor 
M. ©. Tleperypuuor u gp. (*), H. B. Ilurapepa (*) nokasamu, 4TO pH nomH 
ILCHHOM KOPMJICHHM COJepKallluxcA B KeTKaX NTH Alla 10 CBOMM (Pu3HK 
XHMMYeCKHM CBOMCTBaM (cpeqHHH Bec Alla, CKOPJIYMbI, KeTKAa, Oemka; cose’ 
2KaHHe MpoTeuHa, a30Ta, *Upa, 30/bl CaO u P,O;) He OTMMYAIOTCA OT AMI HEC 
mek, COepxKalluxXcA B BbIPYJIbHbIX YCJIOBHAX. 

B mutepatype HeT, OLHAKO, JaHHbIX O BJIMAHHM KJIETOUHOM CHCTeMbI COje] 
2%KaHHA KYP Ha AMHHOKUCJIOTHBIM COCTaB AMYHbIX OenKOB — 39TOTO HanOoue 
OObEKTHBHOFO KPHTeEPHA €TO MOJIHOMEHHOCTH; XOTA H3BECTHO, UTO AMHHOKUCJO 
HbIM COCTaB O€IKOB ABJIACTCA HaHMeHee JIaOWJIbHbIM, TEM HE MeHee IPH Peskt 
H3MCHEHHAX YCJIOBHM CYMECTBOBAaHHA OpraHu3Ma MeTaOouMYecKHe mporecc 
MOrYT IIPHBeECTH K ONpeeJeCHHbIM H3MCHCHHAM MOJIEKYJIAPHOH CTPYKTYPbI CH 
TeE3HPYCMBIX OeJIKOB. 

Hacrostee HcceqoBaHHe ObWwlO MpeANPHHATO C WebIO BLIACHEHUA, Mpere 
MeBaeT JIM H3MCHEHHE AMMHOKHCJIOTHBIH COCTaB AMYHOFO GeliKa pv pa3vIM4Hb 
cucTeMax CcofepxkaHuA. AMMHOKHCJIOTHBIM CocTaB OeIKOB Alilla u3y4uaeTCA M 
TOAOM xpomMaTorpaduH Ha Oynare. 

Ilo Jann Yopuepa (°), AMuHDI GemoK cofxepxkuT 7 BUOB pasHbIx SeKO 
AMUHBIM aJibOyYMHUH, KOHAJIbOYMHH, OBOMYKOHA, JIM30MM, Tl0OyJIMH, OBOM 
WMH HW aBuguH. Uro kacaeTcaA OCHOBHBIX O@IKOBbIX KOMIOHEHTOB XKEJITKa, TO OF 
COCTOAT H3 JIMMONpoTendoB, cosepxKawHx 17—38% cBasaHHorO MNHMa, BC 
HOBHOM (ocdatuyos (%, *). 

Merogbt pakiHoHMpOBaHHA MMOMpoTenJOB BoOOMe OYeHb cabo pasp 
OoTaHbl. TpyQHOcTb 3akJI0NaeTCA B TOM, 4YTO He yJaeTCA NOMyYaTb U3 AMYHO 
*KEITKA O€MKU, CPABHUMBIe NO OHOPOAHOCTH Cc OeKaMM AWUHOFO GenKa. 

J{o HeJaBHero BPeMeHH ObIIM H3BECTHHI TOKO Ba OeIKOBbIX KOMMOHeH 
*KEITKA—JIMNOBUTeIMH W JIeCBHTHH. JlunOBUTeIMH COep%KUT B OCHOBHOM Be 
JIMNONPOTen], *KeNTKA. 

Tlocie skcrparupoBaHUa JMmufa ocraerca dochonporeuk BuTenun. Ons 
TPaT MOcde OCaKMCHHA JIMMONPOTeHAa COMep2XKUT BOLOpacTBopuMyto (bpaKuM10 
JeBuTHH (*). Tlocuexyiouyumu pa6oTamu m0 u3yyeHHIO GeKOB xKeNTKA oOHapyx 
PAA KOMMNOHEHTOB Kak B JIMMOBHTeEIMHE, TaK M B JICBHTHHE. 
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eyem WH Ouxort (°) Baienuu 43 
HOPO XKeJITKa, OCa%KeHHeM Mar- 
BOH COJIbIO, OoraTbIli cocctbopom 
OK — (ocBuTHH, cojlepxKamnii 
% Bcero GemKoBoro (ocopa xKes- 
. MocBuTHH OGbIUHO cuNTaIH CBA- 
HbIM C BHTeJIHHOM. B_ nepsoii 
OTe (OCBHTHH Obl MomyueH U3 
OfHOrO) 6 ocalKa JIMMOBNTeNHA, 
eeHHOrO m0 MeToy Oueprona 
eBosbla (°). 

Bo u36exaHHe BO3MO%KHBbIX Me- 
HMYeCKHX MOrpeliHocTeH, KOTOppIe 
JIM HMeTb MeCTO IPH pa3qenenuu 
CJIbHEIX O€JIKOBbIX KOMMOHEHTOB 
HMOMpOTeHAOB HU Jpyrux coelH- 
IMM, MbI BCe O€IKOBbIe KOMMOHEH- 
_ BXOJAmIMe B cOocTaB. AKYHOFO 
(Ka, SKCTparHpoBalH u oOpa6a- 
BallH IA XpomMaTorpadbuyeckoro 
fIeOBaHHA BMeCTe, a OeJIKOBbIe 
(M0HEHTHI, BXOAIIHe B COCTaB 
ATKa, 9KCTparHpoBasiH HM UccJe- 
sal OTJeJIbHO. 

AwuHplt Oesok U X%KeNTOK No_Bep- 
(Mf pa3/leIbHO BbICYIIMBaHHIO, 3a- 
I via OOe3*KHPHBaHHA IKCTParu- 
BalM B almapate Cokcusleta 93tpu- 
M, TOCJle YerO BHOBb BbICYLIMBAJIH 
acTHpaJIM B cTymKe JO mpeBpa- 
{HHA B MOPOLloK. 

‘Tuxpomus 6enkos auunoro GerKka 
#KEJITKA, eJIb KOTOPOTO 3aKJII0- 
flacb BOTIIelNeHHH KapOOKCHJIb- 
r WM aMHHHBIXTpynn C pa3spbIBOM 
THUHBIX CBA3€H, Mpou3BOAHICA 
AHOH KUCJIOTON. 

‘U]pu uccneqopanuu aMHHOKHCJOT- 
OcOcTaBa AMYHbIX OeJIKOB MbI l1pH- 
AIM HACXOZAMMH OJHOMEPHEI 
PHAaHT, YNOTpPeOAA BKaveCTBE pac- 
PpHTesIA CMeCb A-OYTHJIOBbIN CHHPT— 
bycHad KMCIOTa — BOJa B COOTHO- 
He 4-1:5 (7°). 

B rugpomn3ate OeKOB SAHYHOTO 
TKkKa OOHapyXKeHbI culesyroule 
HOKHCJIOTHI, MpeCTaBJICHHBIe B 
a. luuapue. 1 J. Pesyabrarpt 
musa OeKOM AWUHOTO OelKa U3 
Kyp, HaxOJAMHxcA Ha BbIryJb- 
MW KJI€TOUHOM COsepxKaHHH, MpH- 
eHbI B Tal. 2 u Ha pue. |. 

Ilo qanupm Yopuepa (°), Oemku 
Horo OejlKa cofepxaT B ce6e 18 


HOKHCJIOT, BXOJAMUX Tak2Ke B COCTAB 6euIKOB AMYHOTO 
MeM IWMCTeHHa, KOTOPBIi BXOJMT TO 


Puc. 1. AMMHOKUNCJIOTHBIM cocTaB OenKOB AMU- 

Horo xesTKa (/) H sAMuHoro Geaka (//). a— y 

«BLIFYJIbHBIX» Kyp, 6 — y Kyp, Cowep2KaBllHx- 

ca B KmeTKax. Homepa NATeH COOTBETCTBYIOT 

NOPAKOBbIM HOMepaM B TaOJHIax AA XpomMa- 

torpampl / — B Ta6a. 1, Aa XpoMaTorpaMMbl 
[ey EOS 


*WKeJITKAa, 3a UCKJIO- 


JIbKO B COCTaB AMYHOTO aJIbOyMHHa. 


Xpomatorpacwyeckoe uccieqoBaHve MOKa3aJ0, YTO HeT Kakol-u60 pas3- 
Ubl B AMMHOKHCIOTHOM cocTaBe OeIKOB XKeJITKa 


Wu OeKa AHI, MOJYYCHHBIX 
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Beaku AKUHOrO 
KeulTKa * 
YoNo SS Sail Pe each NaN 
AMHHOKHCJIOTAa 8 ns 5 [oy na AMmuHOKHCMOTAa 
nm. ais is 
eye | 3° 
Lae am 
os 1) 
DAM at 
4 Lluctun +4 {++ 44 I[pomuu 
2 Apruuuu t+ {++ 42 Tupo3nH 
3 Jlu3nH 13 | ?(cooTBeTCTByeT MecTO- 
4 TucTuyun a tt. HaXOK]eHHIO = TPHI- 
5 | Cepa Ste ate te | ate seat TodaHa) +--+ |e 
6 | AcnaparuHoBax KHCIO- e Pees siaith ‘a 
Ta = lactca ticle |atealmateeta auIMH | 
a TmroTaMHHOBadA KHCJIO- 16 MenusalaHuy +++)+— 
Ta +4+++]t+++|/ 17 | Jlefinmy ++ +)-Fa 
8 TpeoHHH ab deae ies Ii) als: MsonennuH ++ j++ 
9 ee apa. sear 
10 AjlaHuH +++} + a 


* Snecb HB Taba. 2 OWeHKA JaeTCA NO O-OabHOH CHCTeMe. 

** Syecb H B TaOs. 2 3HaK ? O3HAUAeT, YTO 3a HEMMEHHEM COOTBETCTBYIOMLHX CBULeT 
Jie NMATHA He HAeCHTHPHUMPOBAHEI. 
Ta6muna 2 


yj 


Beamku An4dHOrO Besikw AKWHO! 
6enka 6emka 
NoNe Se pa ae NoNo a i 
ae AM¥HOKUCIOTA S m x 5 o. 73 AmuHokKuHcuI0Ta 2 i * aE 
Be eg Sei | 2 
Hee | 8% ie 
DHS >i PAX Pat" 
1 | Unctan Ban nae. ee sic | oe -+-F +a 
2 | LUncrenu ++ |++ 13 | Ananuy 44+ /+4 
3 | JIu3uH ++ j++ 14 | Ilpomuy ++ | ae 
4 | Aprunun tttittti) 15 TuposuH 
5 Tuctuyuu +++)-++ ? (COOTBETCTBYeT MeCTO- 
6 +++jt++ HaxoxKeHHIo) §=6Tpun-|-+-+-+|]+-+4: 
7 ActlaparwHoBas KUuCJIO- TocpaHa) +++)++4: 
Ta 4 16 MernoHnu ++ [4+ 
8 | Taunne +++]/++-+]/ 17 | Banun ++ [+4 
9 TpeoHHH - 18 | MenunanaHuH +++)/t+ 
10 TmroTaMMHOBaaA KUCJIO- 19 | Jletmux ++ j4+ 
Ta +44+4+]4++4+4|/ 20 | Hsonettunn 
11 ? (ae ees 


OT Kyp, COfep2kalllMxca B TeYeHHe Toa B Pa3sIMYHbIX YCIOBHAX—B OaTapelius 
KJIeTKAX WH Ha BbIFyJlax, HO MOJYGaBLUAX OAHHAKOBbIM pallMOH; HHbIMH COB: 
MH, COJ/epsKaHHe Kyp B OaTapelHbIxX KJIeTKaX He OKa3bIBaeT OTPHILaTeJIbHO! 
BJIMAHHA Ha AMMHOKHCJIOTHBIM CocTaB OeNKOB Alia. 


4 


Yucrutyt dusnonornn Mocrynuao 
Akayemuu Hayx ApmCCP 20 Ii 1959 — 


UHMTMPOBAHHAA JIMTEPATYPA , 


SB I]. Baayuvt, Kaerounoe cogepkanue xyp, VJI, 1957. 2A. A. Bem 
3oBpckHl, M. © Ilepetypuua wu A. A. Koctposa, Cneuuanpneii cum 
B paltvoue Kyp, IIrayesogcrso, Ne 7 (1954). 3H. B. Ilurapes, BplpauyuBanne Ibis 
H cowepKanve kyp B keTKax, M., 1955. *C.’ WU. Cmetues, Mospmensne IIpOYKTY 
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Tornaam Akayemun nayx CCCP 
1959. Tom 126, Ni 1 


_ MOP®OJIOTH f PACTEHHH 


E. A. MMPOCJIABOB 


-K BOMPOCY 0 ®H3HOIOFMYECKOM POJIM HEFOJOBUATBIX 
UXOM YALIEJIMCTHKOB LIBETKA MELAMPYRUM NEMOROSUM L. 


(JTpedcmasaeno axademuxom B. H. Cyxaueeoim 26 XII 1958) 


Vispecruo, TO pomb Tak HasbiBaeMbIX MpocTlx) (HerosoByaTnIx) TPHXOM 
‘KMSHH pacTeHHi upesBbryaliHO MHOTOOOpasHa. OuM MOryT 3alluilaTS pacrenue 
(CHJIbHOrO HarpeBaHua (1) WIM OxXaxKeHuA, ObITb CpeACTBOM AIA pacnpoctpa- 
HHA CEMAH MW IWIOQOB, 3alllMaTb OT 2KMBOTHBIX (*) HT. Jl., HO BCe 9TH (byHKUNH 
XOMBI, KaK MpaBHJIO, BbINOHAIOT y2Ke B TO BPeMA, KOrJla MX KJICTKH MepTBBI. 
EP *KMBBIX TPHXOM elle NMOYTH He w3yyeHa. OfHaKO HeKOTOpbIe aBTOpbl 

’) MOularaioT, YTO BOJIOCKH BHINOMHAIOT BaxkuyI0 PyHKUMO B OOmeM WuKse cu- 
JIOTHYeCKUX MpoleccoB HecyuwMx ux OpraHoB. Ilo LIrpyrrepy (8), 2xHBpm 
M0CKaM CBOLCTBeHHa Ooslee BbICOKaA KYTHKYJIAPHad Tpancnupaliua, vem 
AJePMAJIbHbIM KJIeTKaM. OH NOJlaraeT, YTO Y OCHOBaHHA BOJIOCKOB HMerOTCA 
DIVIeHHA CyOMuKpocKonMyecKuX Mop. Obdepr (°) Hallie, uTO KeTKH BOJO- 
B MMeIOT Ooslee BbICOKOe OCMOTHUECKOe aBJeHHe, YEM KJIeETKH 2M epMuca. 
| OCHOBaHHH 3TOFO OH CUMTAET, UTO XKHBbIC TPHXOMBI JOJIKHbI CIOCOOCTBOBATb 
DEBYXKCHHIO BOLbI HM PaCTBOPeHHBIX B HeM MMHepaJIbHBIX Comeli. O Tom, uTO 
BbI€e TPHXOMbI MOryT OKa3bIBaTb BJIMAHHe Ha XOX (PusMONOrMYeCKUX Mporec- 
B HeECYIMX HX OpfaHOB, TOBOPAT Take CJleqyroulMe HaOoyenun. Ilepspie 
CHUA KJICTOK IIpH OOpasoBaHHu MepHepMbl HayMHaIOTCA, Kak paBuO, NOL 
mockamu (‘). SasloxkeHHe MepHCTeMaTHYeCKHX O4APOB Y JIHMCTbeB repaHH pH Be- 
"aTHBHOM Pa3MHOXKeHHH Tak Ke MpoTeKaeT B KeTKAaX, PacnOJIOXKeHHBIX MOA TPu- 

amu (1°). VMurepecHo, 4TO KJICTKH BOJIOCKOB MHOrHX pacTeHHH OpIBaloT 
IMIVIOMLHbIMA (OHM MOryT ObITb 256-n0MfHEIMH) ("*). 
| Vanoxennsie BbIMe yKasaHuA moOyAuIM Hac MpoBecTH uCCIeAOBaHHA CO- 

AHUA X2KUBbIX TPHXOM Ha paHHUX CTaQUAX pa3sBHTMA HeCyuLero HX Oprana C TeM, 
ta CleaTb NOMBITKY 61M2Ke MOAOUTH K MOHHMAHHI0 UX PUSHOJIOPHYeCKOH PouIH. 
B xauectse o6bekTa OblIH B3ATbI TPHXOMBI IBeTKa pacTeHuii 43 ceM. Scro- 

lariaceae. [Ipex ye Bcero u3y4as0cb paciipeleseHHe BOJIOCKOB Ha MOBepXHOCTH 

aHoB y 92 BuyoB pacTeHul. OKa3aJl0Cb, UTO TPHXOMBI, KaK MpaBuJo, pacripe- 

MIOTCA 0 xoLy *HIOK. Mexyy x%HIKaMM HX OblBaeT 3HAYHTEIbHO MeHBUIe. 
Ib B TEX CLYYaAX, KOFa BOJOCKH OOPa3sYIOT CHOMHOM BOKOUHEIM MOKPOB, 

pacnpefensiorca Oomee WH MeHee PaBHOMePHO MO BCe€H MOBePXHOCTH Op- 

a. 

Tlanee uccneloBanoch pa3BHTHe BOMOCKOB Ha YallenucTukax Melampyrum 

orosum L., Veronica gentianoides Vahl., Digitalis grandiflora Mill. 

Usyuenne mpoBosuiocb aHaTOMH¥YeCKHM MeTOJOM Ha %XHBOM MaTepHaie. 
PaseMbHO MpHMeHsAach WHTOMOrMYeCKad MeTO.uKa. PuKcupoBasca MaTe- 
an mo Hasauuuy, okpammBasca — mo MojwjieBcKomy. IIpu HcceqoBa- 
U Opasach CpeAHAA YacTbh YalIeIMCTHKA, OKOJO WEHTPaJIbHOH 2KMWIKH. 

B kauectBe mpHMepa MpuBeyeM MaTepHad MO PasBUTHIO HeTOJOBYAaTHIX TPH- 
M ualueuku Berka Melampyrum nemorosum. 

Ha pannel craquu pasBuTua GyToHa, Cpa3y %*Ke MOCMe 3alO*KeHUA 3adaTKOB 
IOUBETHHKA, B KayecTBe MepBolt AudepeHUMalluun B SNWAepMUCe YallleIHCTH- 
3 HaOmOLaeTcA BLITATHBAHHe OTAEbHbIX KJICTOK B PaMaJIbHOM HalipaBJIeHHH. 
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3aTeM 9TH KJIETKH, HECKOJIbKO BOSBbIMAIOMMeCA Hall COCeEAHUMH, AeATCA T 
reHTaJIbHBIMH Teperopowkamu, OOpa3ya sayaToK BosocKoB. IloceqHue OpicTy 
pacTyT, BbITATHBadACb MIpeMMYUIeCTBeHHO B AwIMHYy. KueTKH BOJIOCKOB, pact 
JlararouluxcA Hall 2KMIKAMH, WperepreBaloT eule pA MevleHHu,— BOJIOCOK CT. 
HOBHTCA MHOFOKJeTOUHbIM. Ha mlacTHHKe vallleJIMCTHKa, MeKy *KUJIKaMH, Pal 
oulararwoTcad TlaBHbIM OOpa30M MeJIKHe TPHXOMBI, COCT( 
aumve u3l1—2 xerox. Bckope nocne s3aBepuleHy 
ylesleHHit B KJI€TKaX BOJIOCKOB CTAHOBATCH 3aMETHBIM 
BeJIEHbIe MWwiacTHAbl. KeTKH OUCHb CHJIbHO BaKYOJIM3I 
pyrotca. TloapmeHue B BOJOCKaX XJIOPOMIAaCcTOB CO! 
llaaeT MpHOMsHTebHO Cc AuddepeHUMpoBKOH MepBbl 
COCyJOB B IpoKaMOMaJIbHBIX TH2KaxX. B 9TO BPeMAB Ke 
KaX sMJlepMuca Mo-mpexHemy He HaOslOaercA Jud 
(bepeHILMPOBKH HM HEJIb3A elle BbIAeCHTb H3 OMHAKOBBI 
10 CTPyKTYpe KJI@TOK Te KJI€ETKH, H3 KOTOPEIX B JlaJIbHel 
lem ccopmupyrotca ycTbulla. I[pousBofamme yCTbHy 
KJICETKH CTaHOBATCH 3aMeTHBIMH B TO BPeMA, KOM 
KJIETKH BOJIOCKOB 3aKaHUHBAaIOT Auddepenunarno (puce. 1 
HeckoulbKo paHbllle B KJleTKaX 9mHepMuca OTMeaeTC 
MOABJICHHe XJOporsacTOoB. K MoMeHTy MoHOTO CopMI 
POBaHHA YCTbUIL VallleMCTHK JOCTUTaeT 3HAYHTEJIbHBI 
pa3MepoB, YBeJIMYMBaAcb BO MHOroO pas. Ilocule Toro Ka 
YCTbHUHbIN almapaT MOHOCTbIO CtopMupyertca, M1acti 
Ilbl H Apa B KJeTKAX TPHXOM HauMHAalOT PpaspyLlaTECs 
C JlambHetmumM pOCTOM YallesMCTHKOB mmpollecc pa3pr 
IeHHA COepr%KHMOTO KJeETOK BOJIOCKOB Iiporpeccupye 
IIpoucxoquT yTOUeHHe KYTHKYJIbI H KJICTOUHBIX OC 
gouek. IIpu 3TOM KsIeTKH TPHXOM MOKPbIBaloTCA Soule 
TOHKHM CJIO€CM KYTHKYJIbI, YEM KeTKH SNuZepmMuca. Kj 
THKYJla alluKaJIbHbIX KJIETOK CTaHOBHTCA OyropuaTok 
HapykHble CTeHKH KJeTOK 9MMepMuCa yTOULULarOTC 
MeHbIUe, YEM HAPy2XKHble CTe€HKH KeTOK TpuxomM. I loca 
onaeHua BeHUHKa Spa B KJIeTKaX BOJIOCKOB pa3p} 
marwTca. XwlopommacToB ye Her. B o6ulem KJeTK 
TPHXOM HaxOJATCA B CTaqHH OTMMPaHHA, Tora Ka 
KJIETKH SMMAeCPpMHCa BIIOJIHe *KM3HECHOCOOHEI, C XOPOIL 
BbIPaxKCHHbIMH XJOPOMMacTaMW HW HOPMaJIbHbIMM Apami 
CueopaTesIbHO, TPHXOMbI HayHHaloT ucdepenunpe 
BaTbcH paHbille ApPyrHX KJIeTOK HM Mpoxo_AT Gpicrpe 
WHKJ CBoero pasBuTHA. Oco6oro BHHMaHHA 3aCJyRt 
BaeT, Ha Halll B3IVIAZ, TO OOCTOATEILCTBO, UTO TPHXOM 
udepeHuMpyloTcA S3HAUHTeIbHO paHbIlle yCTbHYHOT 
amapata, Ha MHOTO YBeIMYMBax UCHapsIOULy!o MOBep: 
HOCTb Hecyllero HX OpraHa. 
Puc. 1. Tpuxom ua- IlockouIbKy TpHXOMbI TlaBHbIM O6pasom pacnomar 
me MCTHKa Melam- IOTCH Hajl 2KWJIKAMM, COCTABJIAA C MOCJICHHMM Kak 
pytum nemorosum L. efMHyto BOJONPOBOAAMLyIO CHCTeEMY H, pa3BHBasxiCb I 
ie ea aah oueHb paHHMX CTaquAX HeCyulerO HX OpraHa, 3HayHTell 
HO YBeJIMYMBaloT e€FO MOBeEPXHOCTb, MOKHO npesodt, 
XKHTb, YTO BOJIOCKH JOJIKHbI CHOCOOCTBOBAaTb yBeu1a4 
HHIO HHTCHCHBHOCTH TpaHCNupalMu MOsIOAOrO OpraHa, ocoOeHHO B TOT TI 
po pasBHTHA, Kora ero ycTbulla ele He (PYHKIMOHMPy!IOT Mw HMeeT Mec 
THU KYTHKYJAPHaA Tpadcnupalas. 

J\1a onpeyeueHua KYTHKYIApHOH TPaHCnupallMA 2KMBbIX TPHXOM HaMH Or 
MCiOb30BaH MeTog LIrpyrrepa (°), KOTOpHIH 3akmIOUaeTCA B cmenyioulem: 1 
Oer HIM OTACIbHbIM OpraH CpesaeTCA MOL BOLO HM CTABUTCH B BOLHEIM pacTB 
(aloopoxpoMa (B aHHOM cilyyae NpHMeHsAICH Cybcat Gep6epuHa). Kpacurei 
BMECTe C TOKOM BOJbI PacipocrpaHAeTCA MO TKAHAM PaCTeHHA UH, YBeKaeME 
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pleccoM TpaHCnupallMn, HakamWIMBaetcs Ha TOBepxHocTu opraHa. B Tex me- 
\X, TAC MHTCHCHBHOCTh KYTHKYJAPHOW TpaHcnupallun BbIe, KpacuTema Ha- 
WMBaeTca Oosbile, HM MPH paccMaTpuBaHuu no (PIKOOpPeCHeEHTHBIM MUKPO- 
pMOM STH MecTa CBeTATCA CHJIbHee. Hamu TakuM MeTOJOM ompesensmach Ky- 
KyApHaad Tpancnupallua y Melampyrum nemorosum L., Euphrasia tata- 
Fisch., Veronica longifolia L. 

JA OMbITOB OpadHCb MOOAbIe NoGern C 2KHBbIMH BOJOCKaMU CTABHJIMCb 
SOUHEIM pacTBop cyIbata Gep6epuna (1 : 1000) Ha 10—12 uac. 3arem onu 
CCMAaTPUBAIHCh NOM (JOOpeCleHTHEIM MHKpocKONOM u doTorpadupoBasncn. 
UXOMBI PJOOPeCHMPOBAaIH SHAYMTebHO HHTeHCHBHee KJIeTOK amHepmuca 
ic. 2). IIpu dororpaduposa- 
KOHTPOJIbHBIX (HeOKPpallieH- 
)X) OpraHoB Cc Takoli xe BbIJep- 
‘OH HM TaKHMH Xe YyCJOBHAMU 
BeILeHHA, KAK HW OKPallleHHbIX, 
MMOK He MOlyuaicd, Tak Kak 
HOOPeCIleHWMA UX OUeHb CuIaOa 
| cpaBHeHMIO Cc OKpalleHHBIMH. 
\lekyeT yKa3aTb, YTO OTMMPalo- 
(@  TPHXOMBI YaCTO CHJIbHO 
/OOPeCLMpy!oT HM 6e3 OKPackKuH.) 
Kpome BplllieomucaHHoro MeTO- 
, KOTOPbIM B H3BeCTHOH Mepe 
Peres KOCBCHHbIM, = IIPOBO- 
ylocb MpxAMoe ompeenenue 
oy Rep xnBaroulen cmoco6Ho- 
AByX (opm ofHOoro Bua Veronicascutellata L., mpouspactatoumx B OJMHa- 
bIX SKOJOPMYeCKUX YCOBUAX. OfHa CPopMa HMevIa OUeHb CHJIbHOe ONYyWeHHe, 
lyrad — nouTn He omylleHa. BosoytepxuBalollaA CMOCOOHOCTh onpeemAach 
JLYIOWLMM OO6Pa30M: OMHOBPeMeHHO Cpe3aJIHCb MPHMePHO OMHAKOBbIe MOJIOLpIe 
OUKH pacTeHHH 9THX CopM (Kora Ha HUX ObLIO MHOPO elle 2KHBbIX TPHXOM), 
yepe3 1 MHH. nocle cpesaHHa HM Yepes KarxkypIe 5 MMH. B TeyeHHe NoOCcTeLyt0- 
X 25 MMH. MpOBOAHOCb B3BeIIMBaHHe JTHX BeETOUCK Ha TOP3HOHHBIX BecaXx. 
€M MOACUMTHIBAIOCh KOJIMYeCTBO MCHapeHHOK BslarH Ha | r cbIporo Beca. 
‘BIT CTaBusica B10 mMOBTOpHOCTAX, B KOHIUe aBrycta, B COJIHEYHbIN MOJeHb. 
» BCeX CIYYaAX OMYIICHHbIe BETOUKM uCHapsAM Combe. Ecam npHHATS KOJIM- 
?TBO HCMapeHHOH Baru onyweHHOL dbopmoi 3a 100%, To HeomyWIeHHbIe (POpMbI 
‘pequem ucnapamu 80%. Bpuio 3amerHo Ha [vla3, YTO ONYWIeHHbIe (OpMbI ObI- 
bee TepsioT Typrop. CucremaTuuecKkad OJIM30CTb B3ATHIX (OpM MH OAMHAKO- 
le YCOBHA MpOu3pacTaHHA MO3BOJAIOT, MO-BHAMMOMY, OTHeECTH PpasHUIly 
BONOYMep2KUBAaIOUleH CMOCOOHOCTH 9TUX CPOPM 3a CUeT PasIMYHA B ONYIWCHHH, 
ieOBATeJIbHO, YBeMYeHHe HCMapeHHA BarH Oowlee ONyWIeHHOM PopMon Mmpo- 
KOMMT, BEPOATHO, 3a CUCT KYTHKYJIAPHOM TpaHcnupallMd XKHBHIX TPHXOM. 
Takum o6pa30m, HaOsI0JeHHAMH yCTaHOBJIeHO curemyroulee: 
1. Uanienucrukn mpoxo,AT AOBOJIbHO 3Ha4HTeIbHbIN STAM CBOerO pasBUTHA 
rO BPeMA, KOPa yCTbHYHbI annapaT elle He (PYHKUMOHUpyeT H UMeeT MeCTO 
Wb KYTHKYJIApHad TpaHcnHpallHs. 

2. SanomxeHHe BOMOCKOB HauWHaeTCA Ha CaMbIX PaHHHX CTaMMAX PasBUTHA 
MIeIMCTHKOB, 3aoro Oo topMHpoBaHHA YCTbHLL. 
3. Pa3BHBaaCb OYeHb OBICTPO, BOJIOCKH CKOPO OCTHralOT 3HAaYHTeIbHBIX 
3MepOB HM CHJIbHO YBeJIMUMBAIOT HCMapAIOWyIO MOBeEPXHOCTb OpraHa. 

4. KyrTukyapHad TpaHcnupalluA %XHBbIX TPHXOM BBILNe, YEM KJICTOK SIIH- 
yMHCa. 

5. TpuxoMbl, Kak [paBuulo, pacmpeeAIOTCA MO XOMy AKHJIOK. : 
Yka3aHHble JaHHble MO3BOIAIOT CelaTb 3aKJIIOYCHHe O BO3MO*AKHOH POU 
[BbIX TPHXOM B TpaHCnMpalluu Oprana, ocoOeHHO Ha paHHHX CTaqHAX eFo 
3BHTHA, LO (POPpMHpOBaHUA YCTbHYHO"O allMmapata, KOrAa UMeeT MCCTO JIMUIb 
THKYJApHad TpancnupanuaA. Ucxoxa u3 oOulensBecTHOrO MpeACTaBJIeHHA 
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Puc. 2. Pororpadusa Tpuxom Veronica longifolia L. 
IIpH ombite c cymbdatom OepOepuHa 


i 


0 TOM, UTO TpaHCHMpallusa ABJIAeCTCH OHHM 3 CYLeCTBEHHEIX (akTOpOB, O6€ 
MeUMBaIOWHMX MepeIBH2KEHHE BOLI WH MUTATeJIbHbIX BeLICCTB, MbI MOXKEM Ip: 
3HaTb 3a BOJIOCKaMH CYUIeCTBeEHHY!0 (PH3HOJIOPMYECKY!IO POJIb, KOTOPaA OK 
3aKJIIOUATbCA B COJCHCTBHH MepeBHXKeHHIO MMTATeCJIbHBIX BeLLeCCTB K MOJIOJON 
pacrylemy opranHy. x 

Hacrosmree uccsleqoBaHHe BbINOHeEHO MO, pyKoBogcTBom npod. B. I. Ane 
KCaHJPpOBa, KOTOPOMY aBTOp BbIpaxkaer OslaroapHOCTb 3a MOMOMb B padore, 


Boranuyeckui uucTutyT um. B. JI. Komaposa Tlocrynu.10 
Akayemuu Hayk CCCP 25 XII 1958 


WMTHMPOBAHHAS JIMTEPATYPA 


1K. Baumert, Beitr. Biol. Pflanzen, 9, H 2 (1907), *W. Il Bopogusk 
Kype anatomuu pacrenuit, 1938. °B. TI. Anexcauy”pos, O. lf. Anexcaug 
pos, JAH, 29, M3 (1940). 4B: Tr; AnexcanaApos, H. B. Jlepsy xx im 
Moponorua uv aHaTomMua pactenuli, B. 3, cep. 7 (1952). *° B. T. AnekcaHApos, 
M. UW. Capuexux 0, Mopdonorna uw aHaTomua pactenuii, B. 2, cep. 7,1 (1951). ® F. Ne 
tolitzky, Handb. d. Pflanzenanatomie, Lief. 29,4 (1932). % F. Lier, Am. J. Bot 
42, Ne 10 (1955). § 3. Ilrpyrrep, Ipaktuxym no dusnHonoruu pacTHTebHbIX KJIeCTO! 
H TKaHeH, 1953. %® J. Oberth, Osterr. Bot. Zs., 74 (1925). 1° P. Prevot, Rey 
scient., Ann. 86, Fasc, 5 (1948). ™ DPsicchermak-Woess, ‘Go. Hasitsc hae 
Osterr. bot. Zs., 101 (1954). , 
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Aoxaayn Akagemunu nayr CCCP 
1959. Tom 126, Ne 4 


PH3HOJIOTHA PACTEHHH 


B. T. KAPMAHOB 


IPH JIOWKEHHE -ABTOMATHKH WH KMBEPHETHKU 
K PACTEHHEBOJCTBY 


(ITpedcmaeaeno axademuxom A. ®. Hoppe 25 X 1958) 


Hip BbIpaliuBaHWW pacTeHHH Kak B CCTCCTBEHHBIX, TaK H B TEMJIMUHbIX H axKe 
OopaTOpHbIX yCOBHAX— KOT a BO3MOXKHO MOMepxKUBaTb OCHOBHLIE (pakTOPbI 
|Ta M PpaSBUTHA pacTeHHs Ha OMpefeseHHOM yPOBHe, HET yBepeHHOCTH, 4TO 
TeHHE JCHCTBUTCJIbHO B Ka2XKJ[bIH MOMCHT BPCM€HH HaXOJMTCH B YCOBUAX, 
ICMCUMBaIOMWMX e€FO HaHBBICWIYIO MpOAyKTHBHOCTD. 
XapaKkTepH3yA BHEIWHHe yCJIOBHA POCTa H Pa3BHTUA pacTeHu, MOXHO Fo- 
MTb JIMIUb O CpeAHHX OaTOMpMATHBIX WJIM HeOMAarOMpHATHBIX YyCJIOBMUAX 
(PaBHUTeEbHO OOJbWIOH MpoMexkyTOK BpemeHn. Mey Tem AIA mowyyeHua 
<CHMaJIbHO BO3MOXHOHM NPOLYKTHBHOCTH OpraHH3Ma HeEOOXOJMMO HelpepbIBHO 
JIMTb 3a MpPpOHCXOJALIHMH B HEM OOMCHHBIMH TIpoleccaMH HW TaK KOPpeKTHPo- 
ib BHEIWIHHE YCJIOBHA, YTOOb! OHH COOTBETCTBOBAaJIM ero HaHOOJIbIUeH %KH3He- 
T@JIbHOCTH. 
}Y TCIMVJIOKPOBHBIX XKHBOTHBIX HMeeTCA CJleqAUlad 3a HX COCTOAHHEM CHCTeMa 
VAAUMH, COracoBbiBalollad yCJOBUA CyIeCTBOBaHHA C OOLLMM Mpoweccom 
BHEJCATEJIbHOCTH —aBTOMATHYeCKH padoralolllad, CleqAllad, KOOPAMHUPyio- 
H HM ylpaBsaAtoulad CMCTeMa, KOTOpOH HeT y pacreHut. HepBHax cucrema 
IHX OPlaHH3MOB CMOCOOHAa He TOJIbKO OTBCYaTb Ha BHEIWHHE pas pakeHun, 
1 PeClHCTPHpOBaTb, 3aMOMMHATb UX MW OTBEYATb Ha HUX C OOPa3OBaHHeM YCJIOB- 
i HW Oe€3yCJIOBHbIX pedeKcos. UenoBeyeckKoMy OpraHH3My CBOMCTBEHHO, 
‘Me TOPO, MH JIOrHYeCKOe CONOCTABJICHHe, YTO a€T BO3MOXKHOCThb CO3HATEJIbHO 
IMpOBaTb Ha BHEIHHe pa3qpaxkeHua. CnocoOHocTh K CaMOperyJIMpOBaHHlo 
nomaraeT HaJIMYve HE TOJbKO CHCTeMbI BOCIPHATHA, HO H CHCTEMbI UCMO.- 
lua. IlocneqHeli B Cusy OCOOeHHOCTeH SBOMIOWMH MOUTH He UMeeTCA y pa- 
IeJIbHbIX OPpraHH3MoB. 

OBPeMCHHBI€ CPeACTBA ABTOMATHKH, HCMOb3yA MpPHHIWWNb! KMOepHeTHKH, 
OJIHIOT CHAOJUTb pacTUTeIbHbIe H Apyrue mpocreuime OpraHH3Mbl aliila- 
pou, culeqAUeH 3a OTJCJIbHbIMH NpoleccaMH, PerucTpHpyiolulek UX UM COMa- 
IBalollei BO3JeHCTBHe BHeIIHHX YCJIOBHH C PH3HOJOrMYeCKHM COCTOAHMEM 
Hu3Ma. Ota almapatypa OyseT, TAKUM OOpa30M, BBINOMHATb HEKOTOPyto 
KUHIO He€pBHOH CHCTeMbI H MbIWIeCYHOH TKaHH. , 

HacTOAeH padoTe OyAyT H3JIOXKEeHbI Pesy/IbTaTbl NPHMCHCHHA CO3TAaHHOK 
M alliapaTypbl QWIA ympaBseHHUA CBETOBbIM pe2XKHMOM pacTeHHH dacosH No 
rpamMe, 3ajjaBaeMOH CaMHM pacCTeHHeM. 

JIA YIPaBseHHA CBETOBbIM pexKHMOM ObWI BbIOpaH Npolecc TpaHcnupallun, 
OTOPbIM MbI HM€€M BO3MOXKHOCTh HeMpepbIBHO MH HeOrpaHHyeHHO JOJO 
UTb 6€3 HapyleHHA HOpMabHOH JesTembHocTH JMcTa. Kak u B Mpesbiy- 
K HaluMx paOorax (1-8), quia onpeseeHHaA TpaHcmupallMu Hamu ObIWIH IpH- 
CHbI 06a MeTOJa: TeMMepaTyPHbIM HM THrPOMeTPHYCCKHH. IIpouece TpaHcnu- 
MM He MOF Obl ObITb MOJIOXKEH B OCHOBY YNPaBJICHHA, CCH Obl OH CJIEMOBaI 
ie 3a OKPY2KalOlMMH pacTeHHe (PU3HUCCKHMH YCJIOBHAMH. Ho kak yxe yKa- 
aJIOCb HAMH paHee, MHTCHCHBHOCTb TpancliMpallun H IIpH MOCTOAHCTBE BHELI- 
ycsIOBHH He OcTaeTCA NOCTOAHHOH, a NOAYHHACTCA ONPCCICHHbIM a 
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yeCKHM 3aKOHOMepHocTaM. Tak, Aid cbacomH copta «PoOrocT», BbIpalllHBaeh 
NIpH OCBeLLCHHH JIOMHHECLCHTHBIMH JIaMIaMH, ObWIO yCTaHOBJIeHO HaJIMqHe J 
Horo XOJa TpaHciupalluu C MaKCHMyMOM Yepe3s 5—7 yacoB TMoCcNe Havada ( 
BeeHHA H OOWeli NpoqoKUTeMbHOCTHIO B 13—I14 uacos. K KoHWy 9TOrO- 
pHoa TpaHcnupalluaA mpekpalllaercA H MPH MpOWIeCHHH OCBEeLCHHA HE. BO3O 
HoBasetca. IIpH 6ouee KopoTKoM doronepHoye, Menee 10—12 uacoB, TpaHcm 
pallu pacTeHuii HauMHaeTCA elle B TEMHOTe HM K KOHIY ykKa3aHHOrO CpOKa O 
BEULCHHA MOJIHOCTbIO He peKpalijaeTcs. 

B natiem clyyae aBTOMaTH¥eCKas CHCTeMa, CJleqAlad 3a TpaHcnupalue 
BKlO¥aJla CBeET KaK TOJIbKO TpaHCNHpalWA HaunHaslaCb B TeMHOTE H BBIKJIE 
yasla CFO pH JOCTHKeHHM TpaHcnupalluel Ha CBeTY HOUHOFO ypoBHA. Takum O 
pa3s0M, pacTeHHe, Ip MOMOMIM MpHAaHHOw emy alilapaTypbl, CTasIO CiOCOOHB 
yCTaHaBJIMBaTb WIA CCOA KaK COOTHOWICHHE MPOROMKUTEIbHOCTH HA HU HOU 
TaK HW OOULYIO MPOAOJKHTEIbHOCTb CYTOK. 

Pacrenue cpacomH BHauawle BbIpall[MBaJIOCb Ha HEIPe€PbIBHOM OCBeLLeHE 
JUOMHHECUCHTHBIMH JIaMIaMH BIVJIOTh AO OOpas0BaHHA MepBbIX JIMCTbeB. C 9TO) 
MOMeHTa HauHHalacb perucTpallua Tpancnupauuu. Kak yxe yka3biBalo 
B HallMX WpexKHUX padotax (4, °), TpaHcnupalluA y pacTeHHH, BbIpallluBaeMb 
IPH HeMpepbIBHOM OCBeLCHHH, KaK MpaBHJIO, OYCHb MaJla H Oowlee HJM MeH 
nmocTosHHa BO BpemeHH. Ilo ucreyeHHH cyTOK perucTpalluH TpaHcnupalun I 
CBeTY PaCTeHHe BbIJep2KHBaJIOCb CYTKH B TeMHOTe. Kak MbI yOeHJIHCb, B 3’ 
BP€MA paCTeHHe MIpOAOJKAaeT PABHOMEPHO TPaHCIHPHPOBaTb MPHMePHO C T% 
7Ke MHTCHCHBHOCTHIO, YTO H MPH HeMpepbIBHOM OCBeLLeHH, MH HUKaKUX CKa4uK 
OOpa3HbIX MOBbINeHHH ucmapeHua He mpoucxoguT. IIpu takom oHOOOpasHC 
CBETOBOM P@XKHMe PaCTeHHE OKa3aJIOCb He CMOcOOHbIM K camoperyuauun. Il 
3TOMY MBI TlepeBeJId paCTeHHe Ha Pe%KHM C CXECYTOUHBIM CBETOBbIM TepHon 
B 4 yaca H TEMHOBbIM TepHooM B 20 uacoB, T. €. OHO CTABHJIOCb B YCJIOBHA ABI 
MaJIOH JJIMTCJIbHOCTH CBeTOBOrO H 3aBeOMO OOJIbLIOrO TeMHOBOrO mepHoy 
B nepBblit cBeTuIbi 4-yacoBol NMepHo TpancnupalluA y OMbITHbIX pacTeHHl cpa 
HEMHOrO BOSpOCa H OCTaBaJlaCb Ha TaKOM YPOBHEe B TeYeHHe BCero CBETOBO 
MmpoMexyTKa BpemeHH. [locuie BbIKJIOUCHHA CBeETa HHTCHCHBHOCTb TpaHcnupalll 
peskO YyMeHblIMacb, yepes 15—20 mMuHyT OcTHrvla MOCTOAHHOTO 3HaueHl 
WH Javlee OCTaBaJlaCb Ha 9TOM YpOBHe B TeYeHHe BCero JaJIbHeHLIeroO TEMHOBO 
nepHoya. 

Ha BropoH JeHb TpaHCnupaluA cpa3y MOce BKJIIOUeCHHA CBeTa BO3POC. 
IIPHMePpHO BTPoe MO CpaBHeHHIO C MepBbIM 4-4aCOBbIM CBETOBbIM Te€pHOLOM 4 
JaJIbHeEMIWeM MpoOsouKalla NocTeMmeHHO HapactaTb. Ha TpeTuu eHb pacTeH 
BIepBbl€ BKJIOYHO Cede cBeT Mocse 16 YacCOB TEMHOTHI H TEM CaMBIM Tepelil. 
K 8-yacOBOMy NepHOAy OCBeWLeHHA, TaK KaK B 9TOT J@Hb elle coxpaHsAsO 
PyUHOe BbIKJIOUeCHHE CBETA. 

B JaibHeHliem pacreHHio Oba MpekoOcTaBseHa BO3MOXKHOCTb MOJIHOCTE 
KOHTPOJIHMPOBaTb H MOMEHT BKJIIOUCHHA WH MOMEHT BbIKJIIOUeHHA cBeTa. IIpu are 
JWIMHa CBeETOBOrO MepHoa MposouKalla HapacTaTb H B KOHeCYHOM cyeTe Yep 
5—7 cyToK crasia paBHo 14-+] yac., a JMHa TeMHOBOrO MepHosa CoKpaTusa 
mo 10-+-1 vac. Takum o6pa30Mm, pacTeHue (pacomu, yupaBiaAd mpoosDKUTEeD 
HOCTbIO CBETOBOrO H TEMHOBOFO epHosa Yepes Mpouecc Tpancnupalun, yet 
HOBHJIO cede 14- u 10-yacoBble nepHogbl cBeTa H TeMHOTHI. UpesBpryaiino MH 
pecHO, YTO MpH 9TOM OOWad CyMMa Y4aCcOB «CYTOK» OKa3aJIaCb OUCH O/IM3K 
K NPONOJDKUTeCJIbBHOCTH COJIHCUHBIX CYTOK. STO HaGsOaslOCb KaK B HauaJIbHl 
nmepHOX OnbiITa, TaK WH MOCMe YCTaHOBJICEHHA MOCTOAHHOTO PHTMa. 

To, uro pacreHwe CaMOCTOATeIbHO, Yepes MOcpescTBO MpHaHHOli emy a 
napaTypbl yYCTaHOBHJIO cede «CyTOUHbI» PHTM, MpaKTHYeCKN PaBHBIi CoJHE 
HOMY WIA CpCQHUX INMPOT, ABJIACTCA, MO HaUIeCMy MHEHHIO, IPOABJICHHeM BH} 
pCHHHX PHTMOB (PUSMOMOFMYeCKHX TpOLWeccoB (B JaHHOM CJy¥yae TpancnupalMl 
CIOKMBIINXCA B PC3yJIbTAaTe MPOWMecca SBOJIONMH, HACJICACTBEHHO 3aKPelJIeHHl 
HW OTParKalOUIMX MOCTOAHHbIC YCIOBUA CpeIbI. 

CaeqyeT ocobeHHO NOXYepKHYTb, UTO B HalIMX 9KCHEPHMeHTAX OCYIULECTBI 
JIOCb CaMOE THATeIbHOe HaOJIIOMeHHe 3a COXPAHCHHEM HEH3MCHHBIMH BCeX OCTad 
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JIOBHAX MONYYCHHbIN PesyJIbTaT CJY2KHT HaeoKHbIM CBUCTEBCTBOM JLOCTO- 
HOCTH paHee MOJIYYCHHbIX H ONYOMKOBAHHbIX HaMH MaTepHaJiOB, Tak Kak 
mM Obl BC€ H3MCHEHHA B TPaHCHHpaluu CeNOBaIH TOMbKO 3a HM3MeHeHHAMU 
OBHH BHeLIHeH CpeAbl, TO HEBOSMOXKHO ObWIO Obl NOCTPOHTb amnapartypy, 
eualouly!O MOCTaBJICHHOH 3ayaue. 

Takum o0pa3s0M, COBpeMeHHBIe CpeACTBA aBTOMATHKH MO3BOuMJIN CHAOLUTS 
jcreHHA anmapaTypou, ’ cuenALLeH 3a MpOleccOM TpaHcnupallHH, perucrpn- 
JOUleH Ce H COrlaCOBbIBAaIOleH CBETOBOM PEXKUM C STHM CH3HOsOPMYeCKHM Mpo- 
COM. QTO MO3BOMHO MCKYCCTBCHHO YCTPaHUTb OCHOBHOH HeQOCTaTOK, MpH- 
MU PaCTHTCJIbHbIM OPlaHH3MaM, — IOJIHYIO 3aBHCHMOCTb OT yCOBUH Cpe. 
CTEHHA OKa3aJIHCb CIOCOOHBIMH BBINOJIHATh HEKOTOPBIe (pyHKIWMH, MpH- 
Me BbICIUHM OpraHv3maM. Cucrema BOcIpusATHA — pellentop mpezcraBleHa 
HaHHOM CJIyuae HCKYCCTBCHHbIMH UYBCTBUTCIbHbIMH 3JIEMeHTaMH, H3MeHe- 
j¢ MOKa3aHHH KOTOPLIX IMPONMOPIMOHAJIbHO HHTCHCMBHOCTH TpaHcriMpalun. 
|[HaJl OT YYBCTBUTCIbHOrO SJIEMeHTa MepefaeTca B almapaTypy, KOTOpas pe- 
(TpupyeT, ClequT 3a TpaHcnupalMeH uM JaeT CHrHaJl K H3MCHCHHIO yCuI0O- 
IM aHaJIOrH4HO JeHCTBHIO HEPBHOH TKaHH 2KHBOTHBIX. J[aulee sTOT CHTHad MpH- 
{MT K OMpeqesIeHHOMY H3MCHEHHIO BHELIHUX YCJIOBHH MOCpeACTBOM HCHOVIHH- 
|IbHbIX YCTPOHCTB, NMTACMbIX OT 3JIEKTPHYECKOM CeTH, YTO aHaJIOrHYHO PyHK- 
hi MblueyHoH TKanH. IInratoujad UCHOMHUTeIbHbIC YCTpOlcTBa 3JIeKTpHuecKaA 
}b 1OM00Ha SHEPeTHYeCKHM PeCypCaM MbULeYHOH TKAHH, B KOTOPBIX OHa 3a- 
beHa B. OMpeeICHHbIX XHMMUYCCKHX BeUeCTBAX, Me€PpeXOLAMUX B Apyrue upu 
PoOpa3s0BaHHH XUMMUCCKOM (bOpMbI 9HEPrHH B Me€XaHHUeCKy+O. 

|[Upumep ucnob30BaHHA CJIeAsMULeH CHCTeMbI, MpHBOHMbIM B HacTosAIel 
Hote, CBASbIBaeT JIHUIb OMHH (u3sHoOorMueckHH Mmpowecc — TpaHcnupalluto 
OJIbKO C OJHMM CBETOBbIM BO3J[CHCTBHeEM, BepHee ake C OAHOH CTOPOHOK 
) JICHCTBUA, — PHTMHUHOCTHIO. Tem He MeHee ACHO, YTO MPeMOCTABJIAIOTCA He- 
)AHHYCHHBIE BOSMOXHOCTH KOOPAMHAMM MHOFHX (uSHOJOrHYeCKHX Mporec- 
C JHOObIM BHEWIHHM BO3eHCTBHeM HM B JHOOOM CoueTaHHH. 

Tana WpaKTHKH BbIpallMBaHHA paCTeHHH, OCOOeHHO B YCJIOBHAX 3aKPbITOrO 
/HTa, 9TO O3HAYAET, UTO TEMJIOBOM H BCE CTOPOHbI CBETOBOTO pexkuMa, Pe2KHM 
XKHOCTH (MOUBbI HM BO3AyXa) HW MHHepaJIbHOrO MHTaHHA (KaYeCTBECHHbIM HW KO- 
@CTBCHHbIM) HM Apyrue MOryT ObITb COrlacOBaHbl B KaxK[bIH MpOMeKyTOK 
MMCHH C MpOXOLAMLMMH B paCTeHHAX PUSHOJOFMYeCKUMH MpolleccaMu WM ypaB- 


\JJenom uenoBeka ocTaeTcd HaCTpOuTb ammapatypy Tak, 4ToObI ObIIM OeCc- 
€HbI H3MCHCHHA YCJIOBHI B TAKY1O CTOPOHY, KOTOpasdA COOTBETCTBYeT HaMBBICHeH 
)AYKTHBHOCTH pacTeHHi. ‘ 

IB 3aksIOUeHHe XOYETCH yKa3aTb, YTO MPHMeHEHHE CJIeMAMeH, PperHcTPpUupylo- 
li M KOOPAUHUPytouleH annaparyphl, UCMOMb3YIOWeH MPHHIMMbI KHOepHETHKH, 
A€TCH HOBbIM M€TOJOM B (Uu3HOJOrHM pacTeHHH, CHOCOOHbIM YCKOPHTb M0- 
CHHe pe3YJIbTaTOB M MOBbICHTh HX MOCTOBePHOCTh Mp COKpalleHHU YMCA 


TOPHOcTeH. 
j Tlocrynuso0 
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SOOJIOPH A 


M. H. PYCAHOBA 


O XAPAKTEPE BHOJIOTHYECKHX PA3SJIAUHH MEKILY 
BEJIOMOPCKUMH HW BAPEHILEBOMOPCKMMH 
BALANUS BALANOIDES LINNE 


(ITpedcmaeaeno axademuxom E, H. Iaeaceckum 11 II 1959) 


VispecTHo, 4TO CHJIbHoe JIeTHee MporpeBaHHe BepXHero CJIOA BOAbI B Bewon 
MOpe CJIy2KHT MpHYHHOH yCKOpeHHA MHOrHX OMOJOrHYeCKHX MpoleccoB y ere 
o6utatesel (°, 4). B pesysbTate sToro MHorve Oecno3sBoHOUHbIe Besoro Mops 
OTJIMUAaIOTCA OT TEX Ke BHAOB B BapeHueBOM MOpe YCKOPeHHbIM POCTOM (B TeYe 
HHe BC€H KH3HH UWJIH TOJIbKO B MepBble Tob! ee), Ooee PAaHHHM HaCTYMVJICHHEN 
NOJIOBOH 3peJIOCTH H MOBbILICHHOH MJIOOBHTOCTbIO (HHJMBHAyaJIbHOH dl 
TOJIbKO OTHOCHTeIbHOH). PasyMeeTcsx, YTO CKa3aHHOe€ OTHOCHTCA TOJIbKO K TEN 
BHaM, HaCeJIAIOUUM M@JIKOBObA, Y KOTOPbIX POCTH CO3peBaHHe MOJIOBbIX po 
JLYKTOB IIpOTeKaeT JIETOM, B MepHo HavOoMbUero MporpeBaHHA BOLI. 

Ony6s1MKOBaHHbIe Ha 9TOT CUeT MaTepHauibl (*, °, 8) MaseKO He BO BCeX CJY 
yaaX J[OCTATOUHbI NO KOJIMYeCTBY, MPH OOpaboTKe UX JOMyULeEHbI MeTOAHYeCKH! 
MOrpelHOCTH™, H OHH He BCerfa OOpabotaHbl craTHcTHYecKH. Bce 9TO BMeCT 
B3ATOe HeEPeKO BbISbIBAeET COMHEHHE B JOCTOBEPHOCTH BbIBOOB OO OCHOBHBI 
6HOJOPHYeCKHX OCOOeCHHOCTAX OesIOMOPpCKOH (bayHbl. ; 

Tlepeq aBTopoM cTosvia 3afaua coOpaTb u cTaTHcTHyecku OOpaOoTaTb mat 
COBbIH MaTepHaJI 10 OHOOrHH OAHOTO U3 HaHOosee OOBINHbIX MpescTaBuTee 
JIMTOpaJIbHOH cbayHbl — ycouororo pauka Balanus balanoides Linné. Bpi6o 
3TOrO BHa B KayeCTBe OObEKTA HCCeELOBAaHUA OOYCJOBJIeH, C OMHOM CTOPOHE 
BO3MOMKHOCTbIO OecipenATCTBEHHOPO COopa MaTepHadla M,C Apyrou, — Hamuune 
B PaCNOpAKeHHH aBTOPa OOJbWINX MaTepHaJlOB, COOpaHHbIxX Ha BocrouHc 
Mypmaure B. B. Ky3HemoBpi. | 

SyleCb HU3JlaraloTCA Pe3YJIbTATbI HAOJMIONCHHH, MPOBeEACHHbIX B TeEUeHHE OCeF 
1957 r. u 3umbr 1958 r. Ha 1oxKHOM Gepery KanyanakuicKoro 3auBa Beano! 
Mops B paiione Mpica Kaprem. Ilosromy BcBOwX BbIBOJaX aBTOp orpaHHy 
BaeTCA JIMUIb Ha3BaHHbIM yuacTKOM Besoro Mops MW He Jeaer NOMbITKH fF 

pacipocTpaHeHHA Ha BeCb BOJlOeM. 

Ilpexge Bcero, OOpalilaer Ha CeO BHUMaHHe TOT dakT (TaOn. 1), uTO ma 
CHMaJIbHad JVJIMTeIbHOCTh %U3HH OesOMOpCKHX H OapeHWeBOMOpCKHX OalAB 
COB OKa3alacb MoKa OAMHaKOBON (13 ser), a pa3sMepbI Tea pauKoB B Besi 
MOpe 3Ha4HTeJIbHO MeHbIe H MPH CpaBHeHHH CpeHHX MO BCemMy MaTepHas 
H B JIKOOOM H3 CpaBHHBaeMbIX MeCTOOOMTaHHH. 

Have o6crouT Je0 B OTHOWMEHHH MIOLOBUTOCTH. CpeqHne m0 BCeMy Ma 
pHasly [IH OOOMX BOAOEMOB MpakTHYeCKH OMMHAKOBLI, TAK KaK MMEIOUIME 
M@xKIY HHMH pa3JIMuuA JleKaT B Mmpesenax oumOKu. IIpu cpaBHesuu m0} 
BUTOCTH OCOOel MO OTACJIbHbIM MECTOOOHTAHHAM OOHAPYXUBACTCA B OMHUX C. 


* Vimeetcs B Buty paOora A. H. Capusosa (8), ocHopaHHas Ha U3MepeHHM LHaMeTpa ocHt 
HHA NOMHKa OaJiAtHycoB. YUNTbIBAA UpesBbIYali HO WMpOKYy!0 H3MEHYHBOCTh (POpMbI JOMuKa, or 
TakOe H3MepeHHe B KayeCTBe KPHTEPHA JIA CyKNEHUA O CKOPOCTH pocTa BOBCe He NIpescTaBAe 
BO3MOXKHBIM. Tak, HallpuMep, Ip AMamerpe JomuKa |1 mM OObem ero, B 3aBHCHMOCTH OT cop 
KouleOeTCA B OJHOM H TOM Xe MecTooOHTaHHH y pasHbIX ocoGeli oT 90 Zo 308 m3. Orciona | 
AyeT, UTO NpM OTCYTCTBHM KaKUX-JIHMOO H3MeHEHHH AMaMeTpa OocHOBaHHA OObeEM NOMHKa MC 
yBeMHUMTbCA Oomee uem B 3 pasa. 
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IX TI€p€BeC Ha CTOPOHE MYPMAaHCKHX, a B A pyruxX — Ha CTOpoHe GenomopeKUX. 
eit. HuTepecuo, uTo ec Ha OTKPBITEIX Oeperax pa3uIN4HA B NAOLOBUTOCTH 
DMaHCKHX HW OeJIOMOPCKHX ocoGel BECbMa H€3HAYHTEIbAbI H CTAaTHCTHUeCKK 
OCTOBepHb!*, TO Ha 3aKPbITbIX yYaCTKAX JINTOPAH MPH 3HAaYTeEIbHO MeHb- 
pasMepax Teva MJIOLOBHTOCTh OeJOMOPCKHX ococGeli Goulee YeM B Ba pa3ai 
BbIMAaeT IMJIOMOBHTOCTh MYPMAaHCKHX. OObscHeHHe STOO akTa Je*KUT, 
BHHO, B OO CHJIbHOM JIETHEM NpOrpeBaHHH 3aKPbITbIX yuacTKOB Ges10- 
DCKOH JINTOPaJIN, He MpepbIBAaeMOM BHE3aNHbIMH MOXOMOIaHHAMH, UTO HaGvItO- 
TCH 3€Cb Ha OTKPbITbIX Oeperax (IPH WMTeIbHbIX CTOHHBIX BeTpaXx). 
XapaktTepHoili YePpTOH OeOMOPCKHX OaJIAHYCOB CJIY2XKUT pesKoe yBeIMTEHHEe 
‘OCHTEJIBHOH MJIOMOBHTOCTIM, YTO YETKO BbIPamKeHO Kak Goslee BbICOKHM KO- 
MiMHeHTOM perpeccuH (A), TAK H YBEHYEHHEM YNCIa 3aposbWeH Ha enMHULYy 
a. B sto CBA3H YMeCTHO HaNOMHUTb, YTO HECMOTpA Ha Comee HHTEHCHBHOE, 
1 Ha MypMane, pa3MHOXKeHHe, YNCMEHHOCTb GenOMOpCKUX G2ZHYCOB M M0T- 
Tb HX NOCeJICHHH 3HAUHTeIbHO MeHbIUAN. 
Koppesauua mexy pasmepamH Teja H mulo,oBuTOCTEIO B Bapenuesom 
De€JIOM MOPAX B OOULEM OJMHAKOBA, HO NO OTJCVIbHbIM MECTCOOMTAHHAM Yale 
ee BbICOKad B BesoM Mope, NpHYeM pasMuHA B TaKHX cayyanx OObMHO 
‘THCTHYECKH BIIOJIHE JOCTOBEpHbl. 
K matepvasam Ta6. 1 cneqyeT 206aBuTb, YTO OuomOrMueCKHe pa3HUHS 
Jy OeJIOMOPCKHMH WH MyPMaHCKHMH OaJIAHyCaMu, KOHEYHO, He HCYeEpMbIBalOTCa 
3aHHbIM. Besomopckne OaJIAHYCbI OTMMYAIOTCH OT OapeHIeEROMOpCKHX Goviee 
1HUM HACTYMJICHHEM TOJIOBOH 3peJIOCTH H 3HaYHTeJIbHO M€HbIIMMH pa3Me- 
M Tela BIepBbIe pasMHOKaloWlMxca ocodeH. EcuuH Ha BoctouHom Mypmane 
(OBad 3peJOCTb OaJIAHyYCOB HacTynaeT Ha 2—3S rojly %KH3HH, TO, NO HalluM 
JIIOMCHHAM, B BesioM Mope 3TO MpoucxoyuT Ha 1—2 rofy %MH3HH, T. €. B TOM 
Bospacte, KaK HW y GeperoB SanayHol Esponp (* 1). Ipapya, mero 1957 r. 
WYaJlOCb HeOObIMaHHO CHJIbHbIM MpOrpeBOM MpHOpexXHbIX BO], a) KOJIMYECTBO 
\OeH, CO3peBalOUHX K KOHILy MepBoro JieTa XKH3HH, ObWIO CpaBHHTeCJIbHO He- 
ibluuM (6,4% k oOllemy 4HCIY OCOGel STOM BO3SpacTHOH rpynmbl), H, TeM HE 
lee, caM 110 ceOe (akKT YCKOPeHHA NOOBOrO COospeBaHHA B BeomM Mope He 
bbIBaeT COMHeEHHA. K aTomy ellie 206aBHM, YTO Ha BTOPOe JICTO %KH3HH 3eCb 
\MHOxKaeTcA yxe 40,7% ocobei, Tora Kak Ha MypMmane B rogbl C OO/IbINHME 
IWIHTyaMH TemMnepaTypHYX KoueOaHHH pa3SMHOKalOllMxXcA OcobeH B 3STOM 


|pacTe He ObIBaeT BOBCE, a B Ob C MaJIbIMH AMIWIHTYLaMH Pa3MHOKaeTCcA JO 
% ocobel. Ocobeli, pa3MHOrKalollNXCA kK KOHILY NepBoro seta %XH3HH, Ha Myp- 
He He HalizeHo (7). 
| TOPO, KaK yK€ CKa3aHO, MOJOBaA 3peIOCTh OeOMOPCKHX ocobeli 
iTynaeT Mp CpaBHHTebHO Oosee MeIKUX pa3sMepax Tela, eM Ha Mypmaue: 
3JIMUHbIX MECTOOOHTAHUAX palioHa UCCIEAOBaHHH OObeM TeJIa CAMbIX MEJIKUX. 
HOKarIolluxca ocobel KoNe6avica oT 10 2054 MM®, Tora Kak Ha MypmMaHe — 
bl qo 104 mm? (7). Oro elle pas MpOTHBOPeyHT YTBEp2KeEHHIO HEKOTOPbIX aBTO- 
_@, © 8) 0 Tak Ha3bIBaeMOM MOCTOAHCTBE MHHHMAJIbHbIX Pa3MePOB MOsOBO- 
BIX OCOOeH H MpAMOL 3aBHCHMOCTH IJIOQOBHTOCTH OT CKOpocTH pocTa. Tak, 
jpumep, A. H. Capusios (8) cyvtaeT, YTO NOMOBaH 3peOCTb OeOMOPCKUX 
J AHYCOB, H€3ABHCHMO OT BO3pacTa, He HACTYMAeT, CCIM WMaMeTp HOMHKa He LO- 
waet 5 mm. B wammx cOopax 3% pasmHoxaroumuxca ocobel (17 us 569 usy- 
BIX) HM@JIM [MaMeTp OCHOBaHHA MeHEe 5 MM, a CaMbIC MCJIKH@ H3 HX — JH- 
irp 3 mm. UToObI AcHee MpeACTaBUTh (PAKTHYECKHH Pa3sMep TaKHX Pa3sMHORKalo- 
Ca ocobel, YKa2KeM, YTO IPH MHaMeTpe OCHOBAHMA JOMHKa BO MM ahbem: 
cocraBnet 26—29 mm®, a mpu Auametpe 3 mM 10—12 mn’. 


1* Crenenb QOCTOBepHOCTH 3fecb HM BO BCeX ApPyrux cyyaAxX AA CPaBHMBAeMbIX BeHYHE 
(eAIacbh opMysIoH: 
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H30x%xeHHOe NOSBONAeT CLeMaTb CeLYIOULNe BbIBOIbI: 

1. MakcuMabHas JWIMTebHOCTh 2KH3HH OalAHYCOB Ha 1O>%KHOM Oepery Kaun- 
aKUICKOFO 3aJIHBa H Ha BocrouHom Mypmaue ouHakoBa (13 ner). 

2. Pa3mepbl Tela pasMHOxalouluxca OassHycoB B Benom mope (M = or 
no 179 mM®*) sHauHTebHO MeHbIUe, YeM y OalsHycoB Bocrounoro Mypmana: 
[=oT 239 no 458 mm’). 

3. PasmuHa B pasMepaxX HHAMBUAyaslbHOH MO,OBUTOCTH OeJIOMOPCKHX HU Oa- 
IEBOMOPCKHX OCOOeH HeBEIMKH HM CTaTHCTHUeCKH He AOcTOBepHbI. Ornocu- 
bHaA MJIOMOBUTOCTh y GemoMOpCKUX ocobel (oT 9126 no 15216 sapogenuel? 
1 cm® Tela) 8HaYHTeIbHO Gomee BbICOKaH, CM yY MypMaHCKHx (or 3106 jo 
1 3apoypiua Ha | cm*). 

4, Besomopexue OasnyChl OTIMUAIOTCA OT OapeHUeCBOMOPCKHX Goulee PaHHHM: 
TYNJICHHEM NOMOBOH 3pesIOCTH H MCHbIUHMH pasMepaMu Teyla BHepBbIe pa3-~ 
OMKAIOWUXCA OcobeH. 

Takum o6pasom, ycuosus Benoro mops, m0 cpaBHeHHI0 C yCJIOBHAMH MIpH~ 
XKHbIX BO Bocroynoro Mypmana, 3amMelIAlor pocr OanAHycoB H OHOBpe- 
HO C 3THM YCKOPAIOT HX PasBHTHE H YBEJIMYHMBAaIOT HHTCHCHBHOCTH JeATeMb- 
TH MOJIOBbIX 2Kee3. 


BenomopcKan OnouormuecKad cTaHllua Tocrynuno 
Kapebcxoro duauata Akagemau HayK CCCP 4 II 1959 
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WM. Yj. WANHPO 


BHEKWMWIEYUHOE MYMUWJEBAPEHHE Y JIAUHHOK HACEKOMBIX, 
>KUBYUIMAX B PACTEHHSX, H ErO BHOJIOFHYECKOE 3HAYUEHHE 


(IIpedcmaeaexo axademuxom E. H. Iaeaoecxum 5 II 1959) 


BuekuueyHad oOpaOoTKa MMUId —ABJIeHHe JlaBHO YyCTaHOBJIeHHOe Js 
MHOFHX HaCeKOMbIX. Ono omucaHo y JH4HHOK Dytiscus H HeKOTOpPbIX Apyrux 
XMULHBIX HaCeKOMbIX (2°), y JIMYHHOK SHOMapasHTHyeCKUX MepeNOH4aTOKPbI 
abix (1) w macHpix myx (4). Boieaemble MHULeBapHTeIbHbIe CeKpeTbl JIM3H 
PYIOT X%KMBOTHYIO TKaHb, 4TO OOeruaeT €€ YCBOCHHE HaCCKOMbIMH. OKCTPaHHTe 
CTHHAJIbHOe MHMULeBapeHHe CPaBHUTeIbHO XOPOWIO H3yYeHO Take y KPOBOCO 
CYULMX HaACeKOMBIX. Tak, 9KTOMAapa3HTbl, MHTAIOULMeCA KPOBbIO XKHBOTHBIX H Ye 
JIOBEKA, BbIJCIAIOT B KPOBb XO3AHHA CEKPEThI CBOHX CJIOHHBIX Kees. Bn AHHK 
CJIOHbI KPOBOCOCYIIHX HaC€KOMBIX Ha MOKPOBbI YeJIOBeEKa MOCBALLCHbI paOorTE 
E. H. Ilapnoscxorou A. K. Ulreitua (’). B page pa6or u3y4eH MeXaHH3M BHEKH 


MIeYHOrO MMULeBapeHHA Y PaCTHTe/IbHOAMHBIX COCYUIMX HaceKOMbIx (1, 7, ® 
12 FS 16 17) { 


’ ? ’ 

K omolle-cOcylllve HaCeKOMble HHbeILMpylOT B pacTeHHaA (bepMeHTHI, MO; 
eHCTBHeM KOTOPbIX B paCTCHHAX MPOHCXOAAT pa3sJIMUHbIe H3MeCHeEHHA OOMeHA 
Tak, up cocaHuH XJomyaTHHKa OaxueBor Tae (Aphis frangulae Koch.) B sm 
CTbAX MPOHCXOAMT THAPOMM3 QH- MH MoOsMcaXapOB B MOHOCaxapa (’). Boxpy 
CTHJI€TOB MlWeHHUHOrO Koma (Blissus leucopterus Say.) H BpeqHOH uepenalliKi 
(Eurygaster integriceps Put.) BHyrpH pacTeHua OOHapyxHBaeTcA OcoGo0e pO 
CTPaHCTBO, OOpa30BaHHOe BbIACJICHHAMH CJIOHHbIX 2%xee3 (1,1%). Jaa KpecTo 
IBeETHBIX KJIOMOB (pox Eurydema) xapakTepHO BbIJeJIeHHe B pacTeHHa tbepMeHTOB 
JIM3HPYIOULMX KJIETOYHIC CTPYKTYPbIl, a TaKXKE BbISbIBAIOUMX THAPOMH3 Kpax 
MaJla H HHBEpTHPOBaHHe CJIOXKHbIX CaXapoOB B Mmpoctpie (°). 

lispecTHo, 4TO pacTeHHA M0-pa3sHOMy PearupyloT Ha BBeAeHHEe B HUX CeKPeTO! 
COCYULMMH HaceKOMbIMH. B MecTaX MOBpexKeHHA OOPa3yIOTCH LaJIbl HW MATHA 
JePOPMUPY!OTCA JIMCTbA U cTeOH UT. W. BmMecre c TeM, JJIH HaC€KOMBIX, KH 
ByUIMX BHYTPH paCTeHHH, BHEKMWeYHOe MHULeBapeHHe WO HacTOAero BpeMeH 
omucaHo He ObI0. OWHAKO MpPOBEACHHbIe HAMM UCCICAOBAHHA THMOB HM XapaKkTep 
MOBPOKICHUN CTeOleH PAa TpaBAHHCTHIX PaCTeHHH WM JIMCTbeB (MHHUPOBaHHe 
MOKAa3bIBalOT, YTO 9KCTPAHHTeCTHHAMbHOe MHULCBAPeHHe BeCbMa LIMpOKO pac 
{IpOCTPpaHeHO Y JIMYHHOK HaCeKOMBIX, XKHBYULMX BHYTpH pacTeHul. Handome 
OTYCTIHBO CHCTBHE MMULCBAPpHTeJIbHBIX C€KPeTOB HaC€KOMbIX Ha TKaHH pacté 
HUM MPOABACTCH y JIMYHHOK HEKOTOPbIX MYX. Tak, B pe3yJIbTaTe coueTaHA 
porolle-PBYWMX ABH2KeHHH POTOBbIX KPIOUbEB JIMYMHOK C LeHCTBMeM MHIUeBapH 
T@JIbHBIX CCKPETOB, BbICIACMbIX HACCKOMbIM Ha TpaBMHPOBaHHble Mecta, mpc 
WCXOMMT JIM3HC YyuaCTKOB TKaHel 3a4aTOUHBIX JIMCTbeB H KOHYCOB Hapacté 
HHA 3aKOB MPH UX MOBPeKeHHH JIMYHHKaMM WIBexCKOoH myxu (Oscinell 
frit L.). Anatomuueckoe ucceqoBaHve MOBPeKJCHHBIX 9THM BPeMUTEIeM y¥e 
CTKOB TKaHeH KYKYPY3bI MOKa3bIBaeT, YTO B Pe3yMbTaTe DelicTBHA MMUeBapr 
T@JIbHBIX C€KPCTOB JIMYHHOK HapAyyC MOJIHbIM HIM YaCTHYHBIM pacTBOpeHHe 
KJICTOUHBIX CTPYKTYp HET paspyMleHHe XMOPOMMAacTOB, B pesy/IbTaTe yero yyact 
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\AMCTOBBIX IllaCTHHOK H KOHYCOB HapaCTaHHA BOKPyr TpaBM, HaHeCeHHbIX 
fOCTAMH HaC€KOMOrO, OCcTaloTcA oGecuBeyeHHbima (1°), [loqo6upie KapTHHEl 
BHCa_ YyalOCb BOCNPOHSBECTH SKCM€PHMEHTaIbHO B Halle sa6opaTopun 
M. JIucu noni NYT€M BO3eCHCTBUA Ha JIMCTbA HW KOHYCHI 31aKOB BOJHOM BbI- 
KOH H3 JIMYMHOK lBeCKOH Myxu. HccueqoBaHue KopHel Karlycrbt H KOpHe- 
PAOB penuca, MOBPCKACHHbIX KallyCTHOH Myxou (Hylemyia brassicae Bouché), 
aSbIBaeT, YTO TpaBMHPOBaHHbIe YEMIOCTAMH STOFO HaCeKOMOFO TKAaHH pacre- 
HM OKPY2KeHbI PAaMH JIMSHPOBaHHBIX KJleToK. IIpH stom no mepe yyauleHua 
MeCTa MpOXOJa JIMUMHKH CTCMCHb PaCTBOPCHHA KJIETOUHBIX CTPyKTYp ocsa- 
aeT, TO yKasbiBaeT Ha JudpysHoe WecrBue cekpera JMYMHOK B pacTeHHAX. 
€ Oovlee APKO AeHCTBUE MHULEBAPHTEIbHBIX CEKPCTOB IpOABAAeTCA y JIMYHHOK 
HMPYIOWWHX MYX, HalpHMep y CBeKJIOBHYHOM MMHUpytouleli myxu (Pego- 
fia hyosciami Pz.). Cekperni, Bbiqemsemble MYMHKaMU CBCKJOBHUHOL MUHH- 
FOULeH MYXH, CMOCOOCTBYIOT HapsAy C JIM3HCOM yYaCTKOB MapeHXHMBI ee OT- 
fleHHio OT smMepmuca. B pesybrare NOBpexeHHbIe JIMCTbA MOKPbIBalOTCA 
YNHBIMH Ny3bIPCBHAHbIMA NATHaMM pa3sJIM4YHOH KoHdurypalun. Tucrosoru- 
Kad KapTHHa H3MCHCHHA KJICTOK NapeCHXHMBbI JIMCTa CTOJIOBOM CBEKJIbI B 30H 
JOHHKHOBCHHA HHBEIMMPOBaHHOH HaMH B JIMCT BbITAXKKH H3 JIMYHHOK CBeKJIO- 
HOM MYXH CBHJCTEIbCTBYeT O pactiaye UH paCCOCHHH KJICTOUHBIX O6OOUeK 
lereHepaTHBHbIX H3MeCHEHHAX B ANPaxX. OTH H3MeCHCHHA BbIpaxKaloTCA B yBe- 
MeHHH Apa MpHMepHO BABOe MPOTHB HOPMBI, B HCKaxKeHHM eFO POpMbI HU M0- 
}ICHHM 3€PHHCTOCTH BOKpyr Hero. Takue ABIeHHA HaGJIOJaHCb B HECKOJIb- 
‘X PAaX KJICETOK, [paHHyalllMX C MCCTOM BBeJCHHA BbITHXKKH. 
TulareibHoe paccMoTpeHue XapakTepa H THNOB NOBpexyZeHHH, npHuHHAe- 
IX JIMYHHKaMH CTeOIeBbIX JoIrOHOCHKOB poga Apion uv KyOeHbKOBBIX JOTo- 
cHKoB poga Sitona, 1oKa3as0, YTO UM y STO pyiibl HaceKOMbIX HMeeT MeCTO 
; eee oOpaOorka mum. Tak, JM4HHKH KOPHeBOrO KallycTHOrO CKPBIT- 
oOoTHHkKa (Ceutorrhynchus pleurostigma Mash.) npoyebBaloT XOjbI B KOp- 
OH WIeHKe H KOPHAX KPeCCTOUBeTHbIX PaCTeHHH HE TOJIbKO C MOMOLIbIO YeJIIO- 
PH, HO M C MOMOLIbIO MHWeBapHTeJIbHbIX CekpeToB. Ha 9TO yKa3bIBaloT UCCue- 
es MONe€PeyHBIX Cpe30B Yepe3 MeCTa NPOXOOB JIMYMHOK. OTH MpoOXoHl 
{AUMJICHbI HECKOJIbBKHMH CJIOAMH KJICTOK, WeJIMKOM HM YaCTHYHO paspYlWIeCHHbIX 
(NeICHHAMH HaCeKOMbIX. CTeHKH KJICETOK, MOJBepruidecA BO3eHCTBHIO CeKpe- 
B JIMUHHOK CKPbITHOXOOOTHHKa, 3aMC€THO YTOHUAIOTCA. 
| Tlo-BHqMMOMy, BHeKHINeYHOe MHUEBapeHHe ABJIACTCA TaKKe XapaKTePHbIM 
\JId MHOPHX BUOB MOJIeH, TYCeCHUIbl KOTOPbIX OOpa3syloT B JIMCTbAX MHMHBI, 
IIpHMep JIA CHpeHeBoi Mosmu (Xanthospilapteryx syringella F.) a kanycrHou 
ma (Plutella maculipennis Curt.). 
| Msyyenne u anasus mopeyeHuaA HM CMOCOOOB MHTaHMA JIMYMHOK pala BULOB 
KCCKOMBIX, 2KHBYILMX B PaCTCHHAX, a TAKKE B3AMMOCMCTBUA JIMYHHOK Hace- 
IMbIX C PaCTeCHHAMH J.alOT HaM OCHOBaHHe CYHMTATb, YTO BHEKHINCUHOE MMIULeBa- 
ee ABMACTCA CPENCTBOM Jia Ooulee ycmelIHOro BHeApeHHA HaCekKOMOTO- 
pasta B TKaHb XO3AHHA, JIA CFO MpOABH2KCHHA HM %KHSHH BHYTPU TKAaHeH XO- 
Ha. Mcnompb30BaHHe XHMHMYeCCKHX, JIM3HPyIOULMX CpeCTB BO3CHCTBHA Ha 
BOM CyOcTpaT OCOOEHHO BaxKHO JIA BUJOB HaCCKOMBIX, JIMYHHKH KOTOPBIX BBI- 
OKJICHbI BHEAPATHCA B pacTeHHA, a TaKxKe B TeX CyyaAX, Kora HaceKOMOe 
‘Taercad 9MOpHOHabHbIMU HM Cabo WudpepeHUMpOBaHHbIMA TKaHAMH, B KO- 
PHIX SHEPIMYHO MpOXoAAT chopMooOpasoBaTeJbHble Mpollecchl WH Tle, Kak 
aspipaer I. I. Komompres (*),! uMeeT Me€CTO MOBbIIMeHHOe BHYTPHTKAHeBOe 
BJICHHE. 
| Takum o6pa3om, BbIeeHHe HaCeKOMBIMH, OOMTAIONIMMH B paCTHTC/IbHBIX TKa- 
‘X, CCKP€TOB B TKAHH XO3AHHa CJleflyeT PpaCCMaTPHBaTb Kak BCCbMa BayKHYIO 
omorHyeckylo ajjalTalluto, o6ecneyHBalolllylO HM BO3MOXHOCTbh CYULCCTBO- 
HHA B STHX YCJOBHAX. 

B saKsroueHHe culelyer OTMETHTb, YTO paCCMOTPEHHble HAMM OTHOUICHH A MCxK- 
' JIMUMHKAMH HaCe€KOMBIX HM KOPMOBbIMH pacTeHHAMH BeCbMa CXOJHbI C yxKe 
MCaHHBIMA B JIMTepaType OTHOWeHHAMH MHOTHX ee 2KUBOTHBIX 
ux xo3ses (%), a TakKKe (bHTOMATOeHHbIX MapasHTHYeCKUX TPHOOB ne 


2Kae€MbIX HMM pacreHuli (,°,°). Bo Bcex STHX CJlyYaaX BHeApeHHe MapasuT: 
MW UX JlaJIbHeHUIee CYUIeCTBOBaHHe BHYTPH XO3HHHA OCYLULECTBJIACTCA MyT 
coueTaHHaA MeXxaHuyecKOrO HW OHOXMMHYECKOFO BOSAeCHCTBUA MapasHTa Ha XO3s 
HHa. 


Bcecoto3Hblii HHCTHTYT 3alHTbI pacTeHult Tlocrynmui0 


BX) IU USES) 
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E. A. TO)KU AEB 


BJIMAHHE BBEAEHHS KAMEHHOYIOJIbHOM CMOJIbI - 
B AMYHHK KPbICbI HA PA3BHTHE 3APObIWEN 


(ITpedcmaeaeno axademukom H. H. Axnuuxoeoim 8 I 1959) 


PpeAMOCbIIKOM HacTOAUeH paOoTbl ABHJIMCh WaHHble CpaBHHTeJIbHOH H 9KC- 
|MCHTaJIbHOH SMOPHOJOrHM O 3HaYeHHU Mpoleccop, NpOTeKalOUUMX B OOLH- 
BO BP€M# NPOIMOPHOHAJIbHCLO NepHoLa WIA MoceLyloulero pasBuTva 3apo- 
PH psa CecNO3BOHOUHEIX, a TAKKE OTJCIbHbIX IpefscraBuTeeH TuNa Xop- 
1X (ACIMIHU, NaHWeTHUK, amdbuOun). B pesymprate stux mpoueccun dopmu- 
CA MOpdovIcrMyecKkHe OCH OpraHH3Ma C MOCTeMeHHbIM H3MeCHEHVeM CBOHCTB 
MBI Alla BUOJIb STHX OCeH HM MpoucxoyuT WudpepenMalua KayecTBeHHO 
MUHBIX TJla3MaTHUCCKHX YYaCTKOB AWA C He€CAMHAKOBbIM MpOCNeKTHBHbIM 
HHeM. 

MOCJIEHeEe BPCMA C MOMOLLbIO PasJIMYHbIX MeTOJOB OKpacKH Ha Oa3oqpu- 
IleJIOUHY!O MH KUCIY1IO (PoctaTa3sbl HW Ap. NoJyYeHb! WaHHbIe O HaJIMYHU aHa- 
YHBIX CTPYKTYPHbIX H3MeHEHHH B OOWMTaX rpbisyHos ('-*), 
/UHTbIBAA BaXKHOCTh Nephosa OHTOTeHe3a, MpoTekaloulero B AMYHHKE, T. e. 
iMOpHOHAIbHOrO ero Nepvosa, oNpeyesAloulero OCHOBHBIe CBOMCTBa H Mau 
luTHa Oyyulero OpraHH3Ma, MOXKHO MpesnoaraTb, YTO HapylweHHe HOp- 
bHbIX YCJIOBHH pa3BHTHA OOMMTOB JOJMKHO OTPaxKaTbCA CYIeCTBEHHbIM 0O- 
Ha NOCJIeAyYIOUleM Pa3sBHTHH OpraHu3Ma. OjwaKO 9KCIMepHMeHTAaJIbHbIX 
bIX 10 BONpOocy O 3Have€HHH YCJIOBHH pa3BHTHA OOWMTOB AVIA pasBHTHA 9M- 
HOB MJICKOMMTAaIOUlMX Moka Her. Jia u3y4eHHA 3TOTO BOIIpoca HEOOXOAUMO 
€HHTb areHT, KOTOPbIii He BbISbIBaJI Obl HOE AHL B AMYHUKE, HO NOL Teli- 
eM KOTOPOrO OOLMHTbI MOYYHJIH Obl H3MCHEHHA, MMEIOUIHe CJIeCTBHeEM Ha- 
2HHe HOPMaJibHOrO SMOpHoreHes3a. i 
)pHEHTHPOBOUHBIe OMIITbI, HPOBeEJCHHbIe C YaCTHYHOH NepeBASKOH HePBOZ 
JOBCHOCHDIX COCYOB AHYHHKA, a TaKKE C BBEACHHEM B AHYHUK PBO3AMYHOTO 
ja, aI OTPHUaTeJIbHbIe Pe3yJbTAaTHI: JHGO OMOAOTBOPeHHbIe AMMA, Mpo- 
\AAIMe U3 TAKHX AMYHUKOB, PasBHBaJIHCb HOPMaJIbHO, JOO (pH Ip HMe- 
(M TBO3IM4HOrO MaCJia) MpoucxosNa aTpodua MapeHXHMaTO3HOH TKaHH 
Ka WU OOMTepallua ycTba auesofa. Mupie pesyJbTaTbl NOyYeHbI C BBe- 
€M KaMeHHOYIOJIbHOH CMOVJIbI. 
DNBITHI TIPOBEAeHbI Ha MOMOBOSPeVIbIX OebIX Kpbicax. MaciaHad 9MyJbCHA 
/HHOYTOJIbHOH CMOJIbI B KOJIMYeCTBe MeHee 0,1 MJ BBOJHJIaCb B KOPKOBOE 
PCTBO JICBOFO AHUHHKA MOJIOAbIX HePOMRAaBWIHX CaMOK (MpaBaxi CTOPOHa Teva 
KWJla KOHTpOJIeM) IlyTeM MpOKOVIa eFO MOBepXHOCTH JIHOO CO CTOPOHBI N0- 
KalcyJIbl, IH60 yepes BOpoTa AMUHHKa. JA 9TOFO NOX SXpHpPHbIM Hapko- 
Ha CIMHHOH CTOpOHe Tela B MOACHHUHOM OGMACTH AeNaCA HEOOJbION pas- 
|K KOTOPOMY NOJBONMJICA AHUHHK Ha MesOBapHH, H B Hero UNIPHWeM BBOAH- 
| sMyuIbcua cMoupt. Bcero npoonepupoBaxo 100 Kppic. Uepes pasiuuupie 
M Mocsje ONepalluH CaMKH BeYepOM CarKaJIHCb B KeTKy C CaMIaMH. Kpure- 
HacTyNJIeHHA GepeMeHHOCTH CJyAKUIO MPHCYTCTBHE CHePMaTOSOHAOB BO 
ANMILHbIX Ma3KaX, B3ATBIX Ha culeftyioulee yrpo. CaMku yOuBasuch Ha 7,8, 
1, 12, 13, 16, 17 n 20-1 qHu OepemenuccThH. Ip 9TOM COCUMTHIBAIHCh 2KEVITHIC 
B AMUHMKaX UW MWICAOBMeCTHJIMILa B poraxX MaTKH H OMpeeAOCb KOJIMME- 
XKUBbIX HW M€PTBHIX TJIOJOB. 
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Auuunkn @uKcHpoBasuch wuAKOcTHIO BysHa uM WeHKep-PopMovIoM, M01 
OObISHOM O6pa6OTKH OHH MAKPOTOMHPOBAaJINCh HW OKPalIMBaJIMCbh KEJCSHbIM TE 
TOKCHIHHOM 0 Acsonny, mo MammopH u a3yp-2-903HHOM. 

Y nogonbirHbix Kpbic HaOMOLauCch HapyWleHHA pasBUTHA 3apoOAbILlleH B . 
BbIX pOraX MATKH; OHM BbIPaxKaJIMCb B CHHKEHHM MpOWeHTa HMMIaHTauMy Al 
Ha 9,97% MM MOBbIMeHHH Mpollenta rMOeH HMMaHTHPOBaBUIMXCA 3apO/bILl 
Ha H, 4% m0 ea ae ¢ 3apOJbIaMM B PpOraX MaTKH MpOTHBOMOOKHOL CT 
poupt Tena (Ta6a. 1), 3amMeTuM, 4TO THOeb HMMIAHTHPOBaBLIMXCA 3apObIMl 


q 


Ta6Oauna 4 


Jlelictnue BBeqeHHA KAMCHHOYPOJIbHOM CMOJIbI B AHYHHK KPbICbl Ha Ppa3BHTHe 3apO/bIll 
(8 onbit B3saATHI 100 GepemeHHEIX KPBIC) 


Uveso *KUBbIX Uycio MepTEBIX 

ee cae Fpaiert 3apompimen 3aponpimer 
Cropoubl Teva TbIX 3apo- | umnvianTaunu | : 
Tew Apuneh a6c. of, a6c. % 
TlogonpitHaa o15 414 80,38+1,73 | 355 |85,51-+1,72| 60 14,49-+-4, 
KouTpoubnan 939 487 90,35-+1,26 | 472 |96,92+0,24| 15 3,08-L0. 
PasHoctb vu ee 4 
omuoKa 9,97+2,99 11,41-+1 ,96 11,41-+44, 


MPOHCXOAUT MpeHMYMeCTBeEHHO B TMepHoy C 6 no 12 neHb GepeMeHHOcTH, K 
3TO HaGsIOJaeTCH HM B pe3yJIbTaTe BO3JCHCTBHA HHbIX MaTOTeCHHbIX aleHTOB | 
GOepeMeHHoe 2KHBOTHOe (81°), | 

Y 35 xppic (43 100) pasmuuni Mexyy m10qaMH MOOMbITHOK U KOHTPO.BH 
CTOPOH Tesla He OblIO OOHapy2KeHO, YTO, BePOATHO, B S3HAYHTeEIbHOM Me 
OObACHAeCTCH HEYLa¥UHbIMH ONepallUAMH, Np KOTOPbiX WeroTb H3 paHeBoro XC 
BbITaJIKHBa€TCA KPOBbIO, a TaKKEe TEM, YTO OBYJIAIHA MOXKET MPOH3OHTH U3 Yt 
CTKOB, YaJIeHHbIX OT BOCMaIHTeIbHOrTO OUara. IlosTomy MOxKHO yMatTs, 
JleHCTBUTeIbHaA pasHulla B UNCJe MMIIaHTaluli H MepTBEIX 3apoObIIel 
MaTKaX MOJOMbITHOH HM KOHTPOJIbHOH CTOPOH Tela 3HaYHTeJIbHO mpeBbllill 
IIpHBe]eHHbIe ItucppEt. 

To, 4TO NpHYHHOH HapyleHuA OepeMeHHOCTH ABJIAeCTCA He peakKUHA CAMSHCT 
OOOJIOUKH MaTKH Ha BOSMO%KHOe MoMaqaHHe HeOO/IbIHX KOMMYeCTB CMOJIBI 
MOJIOCTH KallCyJIbl B MOJIOCTb MATKH MO AHWEBOAY, JOKAa3bIBalOT OMNBITHI BBe]eH 
CMOJIbI B AMYHHK Yepe3s BOPOTa AMYHUKA Oe3 HapyuleHHA ero repMHHATHBHt 
anuTeiHA (23 Kppich!). MW B sTHx ycJIOBHAX OFbiTa MpoweHT MMMaHTal 
3apOAbilleH HM MepTBbIX IJIOJOB B JIeBOM pore MaTKH (cTOpoHa onepalll 
OKasaJicd TEM Ke, 4TO HM MpH BBeJCHHH CMOJIbI CO CTOPOHbI Kancy 
CBapha. 

OO STOM *Ke TOBOPHT OTCYTCTBHE 3AKOHOMEPHOCTH B JOKaIH3alluH MepTB 
TIJIOQOB NO AJIMHe MaTKH: y OBapHaJIbHOrO KOHMWa MATKH B HalllHX OMbITaX NOM 
0 13 sapogpmmen (21,7% Kk oOmulemMy uMCAY MorM6mux), 33 MepTBbIx 3apOlpl 
(55%) pacnonaranucb, Yepedyach C BMOJHe HOPMaJIbHBIMH, a y 8 KDBIC B Pi 
MaTKH, COOTBETCTBYIONEM AMYHUKY, MOBep2xKeHHOMY asbTepalluu, morut 
Bce 2sMOpuont (14), uro cocraBaser 23,3% or oOujero YHcMa NOrHOuMux 3apo) 
melt. Takum o0pasom, MpH4HHOK TuOeIM saposbleh He ABJAeTCA CMOVUAa, 
MaBllad B MaTKY M0 AWWeBOLY, TaK KaK B 3TOM CJIy4ae eCTECTBEHHO ObIIO ObI OF 
TaTb HaMOOJIbuero MpoueHTa rHOeH SMOPHOHOB B ee OBaAPHaJIbHOM KOHIe, 

CAN3HCTaA OOOMOUKA MaTKH B HepBylo O¥epesb NosBeprasacb Onl pasqpam 
uleMy J\eHCTBHIO. 

Ecau pacnpefesivTb MOJOMbITHBIX KPbIC IO CpOKaM MerKALy onepalluelt H 
JIOMOTBOPEHHEM, TO, KaK BUZHO U3 TAO. 2, IPH OMMOLOTBOPeHHH B MepBble 4] 
Hap ylleHua GepemenHocTu BBIABJICHbI Y 86, 7% Kpbic; C yYAJIMHeHHeM HHTepB: 
STOT IIPOWeHT MOCTeNeHHO CHMKaeTcA HW Yepes 30 WHeH paBeH 53,9%. Bomee 
COKHH IpOMeHT HapylleHHH OepeMeHHOCTH Mp OMJOLOTBOpeHHH B MepBEle } 
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€ ONe€palMH, BO3MOXKHO, OOBACHAeTCA TEM, 4TO Hanbomee UYBCTBHTEJIbHbI 
BperkJaiouremy JelicTBut0 3PeNbIe AHA, POMUKYJIbl KOTOPBIX OBYJIMPytoT 

WKAHUIMH SCTPabHbIM WMKI, MOJONbIe %Ke OOMMTbI MeCHee YYBCTBUTEMbHEI. 

PTOM 2K CBH€TEIbCTBYIOT QanHble JI. HB. Peccea (14): npn o6ayuenuu He6e- 
HHBIX MBIIWeH 4o30H B 400 r HanBbiciiad TouKa KpHBOM rHOenH SMOpHOHOB 

OWMTCH Ha MOMeCHT OGy4eHHA 

CpeACTBeCHHO Tepey, OMNJIOLOTBO- Ta6Omuna 2 

ieM. 

PHBeJeHHbIe Wupbl yYacrToTHl 

VIeHHH OepeMeHHOCTH B 3aBHCH- 

| H OT HHTepBaJla MexK Ty omepa- Uncno THe oT O6ulee nee pee 
H OMNJIOMOTBOPCHHeM YKa3bIBalOoT = OMepanuH go | uucso Gepe- |___ 

ONJIOQOTBO- MCHHbIX 

Ne Ha TO, 4YTO onepaluonHan penua KPpbIc a6c. % 

BMa AHUHHKa He JOJDKHa MIpaTb 

PIO POJIM B MaTOreHese BbIAB- 


Buauanve sBBeqenna KAMCHHOYFOJIbHOH CMOVJIbI 
B AMYHHK KPbICbI Ha Pa3sBUTHe 3aposbillel 


ie HapylleHuli GepeMeHHOcTH. ke p - oon 
JIA W3YYCHUS PeaKILHH 2KeJITHIX {olny 98 13 64.3 
M OOILMTOB Ha IIpUCyTCTBHE CMOMBI 22-35 13 7 53.9 
ae OMbITHBIX KPbIC ObWIH MOL- 


PHYTbl MAKpocKonHMyeckomy uccue- 
hHvio. IIpH w3yyeHnu cepuii 
‘OB ON€PHpOBaHHbIX AHYHHKOB 
pMOCTaBJICHHH HX C KOHTPOJIbHbIMH Ha Pa3JIM4YHbIX CTaHAX OepeMeHHOCTH 
yaJlOCb BbIABHTb KaKHX-H60 MOpdosOrMyecKHX V3MeCHEHHH B XKeJITHIX 
xX, KOTOPbIMH MOXKHO OblIO Obl OObACHUTL HapyllleHue GepeMeHHOCTH B JIGBOM 
» matku. He TompbKo yAaJeHHble OT 3OHbI BOCMAeHNA 2KENTHIC Tea, HO H 
DAAULHECA B HeMOCpeJCTBeEHHOM KOHTAKTe C KallJIHMH K@MeCHHOYTOJIbHOH 
ib ONTHYeCKH He OTAHYHMbI OT HOPMAJIbHBIX. ; 
le ylaslocb O6HApyXKUTb UH KAKUX-HOO MOPMOMOrHYeCKUX H3MCHEHHH CTPYK- 
pl MpOTOMMa3MbI WIM Apa B PasBHBalOWMXCA OOLMTAX, KOTOPbIMH MO%KHO 
10 ObI PyYKOBOACTBOBATbCA JWI OMCHKH XKUSHECHOCOOHOCTH Alia H XapakTepa 
Derk Taloulero JlelicCTBHA KaHWeporeHHoro BellectBa. B 30He BocMaJIeHHA pas- 
AIOULMeCH Cpe MHOFOUNCJICHHbIX KaneeK JertA POIAKYJIbl HA MO OKpa- 
{ACMOCTH, HH MO CTPyKType OOWHTA HU MOMIMKYMAPHOFO SMMTeIMA He OTJIH- 
TCA OT (OJIHKYJIOB B KOHTPOJIbHBIX AHYHHKAX. 
‘la OCHOBaHHH TOPO, YTO BOMe€pHpOBaHHbIX H KOHTPOJIbHbIX AHYHHKAX KOVJIH- 
/BO 2KJITBIX TeJI MOUTH OMMHAKOBO (pa3HOCTb CTATHCTHYeCKH HeOcToOBepHa), 
(HO MOMlaraTb, YTO KAMeCHHOYFOJIbHaA CMOJIa HE IIPeCNATCTBYeT Pa3sBUTHW, 
€BaHHIO H OBYJIALHH AMI, WH, CeMOBaTeJIbHO, B OMCPHPOBaHHbIX AHYHMKAX 
MUeCTBO ATPeTHYeCKUX (OJWIMKYJOB OJKHO ObITb NpHMepHO TaKUM Xe, 
|W B KOHTPOJbHBIX. 

aTpeTHYeCKUX (bOuIMKysaX KOHTPOJIbHBIX H ONe€PHPOBaHHbIX AHYHUKOB 
eyaloTca alla B Mpolecce NapTeHcreHeTHYecCKOro jpoOseHua c WereHepa- 
bIMH H3M€HCHHAMM B HUX. XOTA KOJIMYeCTBEHHOFO MofcueTa H He MPOH3BO- 
Cb, MOXKHO BbICKa3aTb MpelMosowKeHuve, ATO jpo6.1eHHe AUMEKJIETKH MOXKeT 
I[MpOBaTbCA XMMHMYeCKUM JeHCTBHCM KaHWepOreHHoro BeLlecTBa, See 
H3BeCTHO, O6slayqaeT JelHcrBuemM (pOpMaTHBHOrO pa3fparxKUTeJA. NOJIb3y 
O IIpegqnovioxKeHHA TOBOPHT HasiMyHe KapTHH lapTeHOreHeTHYeCKOrO 
JI@HHA OOWMTOB MepBHYHbIX (POJIIMKYJIOB, HaXOWAUIHXCH B HeIOCpes- 
HHOM KOHTAaKTe WJIH OH3KOM CocefcTBe C KallJIAMH CMOJIbI (PHC. Leeent: 
i cTp. 93). 

fea ee BBeeHHe KaMCHHOYTOJIbHOM CMOVIbI B AHYHUK KDpbICbl BbI3bI- 
HM3Me€HEHHA B OOMHTAaX, BUIEKYULHeE 3a coOou HapylmeHHe 3MOpvoreHesa, KO- 
@ BbIPadKaeTCA B CHMPKEHHMH MpOWeHTa UMMMJIaHTAalMM AMI MH MOBbIIMeHH sae 
“A UMIJIaHTHpOBaBIIHXCA 3apospluel. AHawH3 MOJYIeHHbIX denne OU 
eT, UTO HM CilyyaiiHOe MpoHHMKaHHve CMOJbI B MaTKy, HH Me€XaH 
Ma AMUHHKa He MOPJIM ABHTbCA OpesesioumjuMM (bakTOpaMu NaToreHesa 
JI@HHbIX HapylleHHH pa3BHTHA. 


Cymma 100 65 | 
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IIpupeyenupie (pakTbl TOBOPAT O TOM, TO IIPHYHHAa HapylleHHlt HOPMaJIbH 
Ppa3BUTHA 2MOPHOHOB JleKUT B KAKUX-TO H3MCHCHHAX CAMAX AHVEKJETOK, on 
OMpeeHTb KOTOPbIe MOKa MbI He HMeJIM BO3MOxHOCTH. MuTepecHo OTMeTHT 
UTO HAPyWICHHA SMOpHOreHe3a MPOABAAJIMCh HB TeX CYUaAX, KOra Me*KLy OM 
pa“hell H OMMOLOTBOPeHHEM OblIH JOBObHO GOMbUIMe HHTepPBaJIbI (CBbIIMe ¢ 
yueli). Oro Waer yKasaHve Ha TO, YTO XapaKTep H3MCHEHHH, MpOusollleRMIE 
B OOIWMTAX, He MpenATCTByeT HX AIHTeJIbHOMY CYUI[CCTBOBAHHIO, HO JeaeT H 
BO3MOXHBIM ocyllecTBenHe 2MOpuoreHesa. IIpu sToM 9MOpMoreHes MpepbiBae 
Ca JIM6O Ha MepBbIx ero (ba3ax, NO UMMJIaHTalMu, HOO Mepex HavaJIOM opraH 
rene3a. TakHM O6pa30M, MOX%KHO JyYMaTb, YTO MpHMeHeHHOe HaMH BOSJeHCTBU 
He Hapylliad OOMIMX %XH3HeHHbIX PYHKUMH AMWEKJeETOK, BbISbIBaeT HapyllleH} 
B MX TOHKHX MopcboreHeTHYeCKHX MeXaHH3Max, POPMHPYIOULNXCA BO BPeMA Mp 
3MOPHOHAJIbHOrO MepHofa pa3sBuTua. To oOcToATebcTBO, 4YTO HAMM He Obl 
OOHAapyKeHbl AHOMAJIMH B pa3BHTHH IMOPHOHOB, CTOHT B XOPOLIeM COOTBETCTBE 
¢ JIMTepaTYPHbIMH JIaHHbIMH: aHaJIOTMUHbIe (PaKTbI MOJYYeHbI WH C eHCTBHeEME 
AWYHUK PeHTTeHOBCKHX syyert (14). Tlo-BuqHMoMy, CTpyKTYPHble H OMOXHMHG 
CKHe CJIBHIM B AHIe, BOSHUKIIHMe NOX JeHCTBHeM BHEIIHero areHTa (He OOHapymi 
BaeMble IPH OObIUHBIX M€TOMaX OKPaCKH), JIMOC MOMHOCTHIO peryIHMPYroTcA, JHE 
j\eslaroT Ppa3BHTHe HeBO3MOKHBIM. 


ViucTHTyT SKCNepMMeHTaIbHOM Me]MILMHEI Tlocrynuao 
AxkajleMHH MeMUHHCKHUX HaykK CCCP 30 XII 1958 ~ 
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Joxuayqo Akanqemun nayxr CCCP 
1959. Tom 126, Ne 4 


IKCIEPHMEHT AJIBHAA MOP@OJIOTH A 
JI. B. TlOJIE}KAEB 


HAYUEHHE XAPAKTEPA NOBPEXKAEHHSA JIS 3A)KMBJIEHUS 
MHOKAP]IA Y MJIEKOMATAFONLUX 


(Tpedcmaeareno axademuxom K. H. Cxpsburoim 21 I 1959) 


Avokapa He pereHepupyer, H Mp HaHeCeHHH OxKOrOB, KOJIOTO-pesaHbIX paH, 
\CHHH MHOPOAHbIX Tel WH SKCMECPHMCHTAIbHbIX HM CNOHTAHHbIX MHpapKTax 
POCJIbIX MJIEKONMTAIOUNMX HM YeNOBeKa paHbI pyOuyiorcsa (1,3,8-"). OqnaKo 
QIEKTPONMATEPMOKOAryJIAWHH B OYAre NOBPeKTCHHA MHOKAP]a Y B3POCJIbIX 
|: MOryT pereHepHpOBaTb YUaCTKH MbILUL, a pH OOpaborkKe %XMBOTHHIX PHpo- 
fTaMH MH SKCTPaKTaMH, MPHTOTOBJICHHBIMH 3 Cepylla KPbIC, BeCb Oar M0- 
KICHHA 3allOJIHACTCA HOBOOOPa3OBaHHbIMU MBILUMaMH, YTO COMpoBoOxkaercsA 
MasIM3alHel IIeKTpoKapAuorpammpl (*,*). B Hacroallel crarbe cooOllarorca 
{IbTaTbI HalIMX OMbITOB MO BbIACHCHHIO 3HaUCHHA XapaKkTepa MOBpexKeHHA 
-3a2KHBJICHHA MHOKapyla yY MJICKOMMTAIOWIAX. 

Beero OblIO MpoonepHpoBaHO 93 2XKHBOTHBIX, OCTaOCb WIA yueta 66: 55 
HCJIbIX O€JIBIX KpbIC Becom 250—400 r, 8 B3pocsbIX KposHKOB NOpoAb «LuH- 
Wa» BecoM 2,5—3,0 kr, 3 KoTeHKa B Bo3pacte 3—6 Hejleb *. Onepaluu mpo- 
[JIMCb B YCJIOBHAX ACEMTHKH, KMBOTHIM JaBaJld ypeTaHOBbIli HapKos. K cep- 
KpbIC H KOTAT MOAXOAMIM pacceKad YeTBepTOe MexpeOepbe HM MepuKapd, 
h XKMBOTHBIM J[@JlaJid HCKYCCTBCHHOe JbIXAHHE MPH MOMOMIM TpaxeOTOMHH 
iMapata JJId HCKYCCTBeHHOrO bIXaHHA. Y KpOJMKOB paspesaJiM 0 cpeqHeh 
i rpyquyny u mepuKapy. Oxor HaHOcHJIM WOKpaCcHa PpaCKaJICHHbIM IJlaTHHO- 
| VJIEKTPOTePMOKayTepOM Ha HepesHeli CTeHKeE JeBOrO %*KeyouKa, mpuyem 
‘yX C€PHAX OMbITa KUBOTHBIX JOMOHUTEMbHO COpabaThIBaJIN THAPOJIH3aTOM 
‘©KUM O€JIKOBbIM 9KCTPaKTOM, MPHFOTOBJICHHBIM M0 Hallie MpexKHeH MeTO- 
» (4). JIuratypy HaksaqpiBasM y OCHOBaHHA JIeBOM HHCXOLAMeH BeHeuHOH 
uu. OTcoc MpOu3BORNIM MIpuKJalblBaA K MepeMHeH CTeHKEe JICBOTO XKely- 
a HaKOHeUHHK (MaMerpoM 6 MM) OT BaKyYMHOro alimapatTa C OCTaTOUHbIM 
ieHvem 50 MM pTyTHoro cTou6a, pHyeM NpesBapvTesbHO B 9TOM MecTe 
‘ap MOBpexk Aa MPH MOMOMIM a1eKTPOMMAaTepMOKOAryJALMH, B PCsyAbTaTe 
|B CTEHKe CepAlla BOSHHKaJl KOHHYeCKMH yUaCTOK KOaryJIMPOBAHHbIX TKaHeu 
erpoM Hw ralyOuHOl oKoIO 5 MM, BeplIMHOH OOpallleHHbIM K SHOKapsly. 
AJIbHbIe Cpesbl TOMMMHOH 8 uw OKpPalMBaJIM TeMaTOKCHJIMH-303HHOM H M0 
[vsony. 

IbT C Ow oLromM. Beero Gpwio mpoonepupoBpano 30 kpbic, mo 
Kaxkol cepuu. K xonmy onpita ocrasocb 26 kppic. MaTepuad pukcupoBaiiu 
1, 3, 5, 7, 10, 15, 20, 30, 60 u 120 qHeH noce onepallnn. 

I] cepHu OMbITOB, C MpOCTbIM OX%KOFOM AIA yueTa OCTAaIOCb BCero 9 Kppic. 
epes CyTKH nocae onepalun B MMOKapye OOpasyercaA rilyOokuH paxesoll 
JI, 3aNOJIHCHHBIM 9KCCYaTOM, HHTAMH (HOPHHA, SPUTPOWMTaMM M YaCTHYHO 
OUMTaMH, KOTOPbIe KOHILCHTPUPYyIOTCA TvlaBHbIM OOPa3soM B MpHJexkalllux 
amy TKaHAX. MpmmeuHble BOOKHAa BOJIM3H KaHaJla CHJIbHO TCPMHYCCKH M0- 
JICHbI MH HEKPOTH3HPYIOTCA: Apa B HUX PasAyBalOTCA UJI MAKHOTH3SHP YIOTCs 


B BbINOMHEHHM SKCHepHMeHTaJbHOM YacTH Hactosueli padoTht yuactBoBamu H. A. 3a- 
au Jl. B. AxaOag3e; Ouonpenapats npurorosassa B. JI. Maxtbesa. 
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HW ucuesaIOT, HCuesaeT TakK2KE NONepeuHaA WH NpOMOMbHaA HCYePYCHHOCTh, Cap 
KOMa3Ma CTAHOBUTCA TOMOTeHHOH MU MOXO OKpallIMBaeTCA, MbIMEVHbIC BOJIOKE 
OTCYHLI, paskBHHYTbI 9KccyaToM. B OmuxKalwiMe WHA MOJIMHYKJIeapbl CMCHs 
IOTCA JIMMPOMMTAMM H MOMMOACTaMH, MbIMCUHbIe BOJIOKHA MpONO2KalOT HEKPa 
TH3MPOBaTbCH WH (pPparMeHTHPOBATbCA, COCAMHHTEMbHAA TKAaHb OOpacTaeT Kpa 
paHbl H cospepaer. Pana oOpactaeT KOJareHOBbIMH BOJIOKHAMH, CMOPULMBaerc 
MW OOpa3yer CKaqkH. OKpy2Kalolve COcybI PacluIMPeHbl U MepenOJIHeHbI KPOBB 
K 20 qHI0 nocue Onepallun MpOMCXOAUT AasbHehIM pacnay OTMHpalouluX MbIMM 
Ha TJIbIOKH WH (bparMeHTHI HU pasBHTHE MJIOTHOTO COCAHHHTeIbHOTKaHHOrO pyOme 
KOTOpbIH uepes 30 —60 zHeH Nocse ONepallHu CO3peBaeT MH YIJIOTHACTCH. Mbit 
He perenepupyior. KyJ1bTH MbILNCYHBIX BOJOKOH OOpactaloT pyOWOBOH TKAaHbK 
Hapy2KHaA YacTb KOTOPOH UMeeT AJIbBEOJIAPHOe CTPOeHHe HM COCP2KHT MOMAM 
KPOBeCHOCHBIX COCYOB (arouuTbl C TEMOCHAePHHOM, SIMMTeIHONAHbIC HU ruraHi 
ckHe KleTKH. B nOTHOH BHYTPeHHeH yacTu pyOla HMeeTCA MHOFO «MHOLLMTOB» (v 
Ouar NOBpexKeHHA CrviaxKUBaeTCH WH OOpa3syeT AMKY, OKAHMJICHHY!O WIOTHBI 
pyOloM HU aJIbBeOJIAPpHOH TKaHbIO (puc. 1). 

Bo II cepuu onbirop mocie HaHeCeHHA OKOFa KHBOTHHIX OOpabaTbIBaIH 3K 
Tpaktom, a B III cepuH —ruypomu3aToM cepaua Kpbicbl. Takada oOpadork 
B OMbITaX C MHaTepMokoarysiauuen (*) MpHBOAHAa pH HaJIMuH B OYare TIOBP 
JICHUA KOAPYJIMPOBAHHbIX MBI K pereHepalWH MOCIeHHX, a B aHHbIX OME 
TaX C OXKOrOM HM MOJIHBIM YHHYTOKEHHEM yUaCTKa MBI, — HEH3MeHHO K pyt 
ICBaHHIO PaHbl, MbBIIINbI He pereHepHpoBasiH. KyJIbTH MbILMIeCUHbIX BOJIOKO 
HequpepeHUHpoBaJIHCb, WH MO3MHEe BOSE CTAPbIX TOJICTbIX MOFJIH axke BO! 
HHKHYTb TOHKH€ HOBOOOPasOBaHHble MbBILICUHbIC OTPOCTKH H BOJIOKHAa, HO OU4E 
NOBPe@KNCHHA OCTABaJICA 3aTAHYTbIM PyOWoM. 

Onutc anratypon. M3 39 xppic npu onepauuu nornOsa 21, at 
5 xorat 2. Ocrapumecsa 18 xppic xHIH 15, 20, 35 u 45 MuH.; 44/s, 5'/o, 24, 2 
36 uac., 3, 11, 63, 129, 143, 199 u 200 nHeH Mocae Onepallun, a ocTaBLUNeca 3 Kt 
TeHKa XKHJIH 2 vaca, 4 uv 60 WHel noce onepauuu. MakpocKonuyeckH y BCex KPb 
B NepBble HH NOCe ONepalHH B OOMACTH JeBOrO 2%XeyOUKa OOHapyKUBalor 
OoubuiHe remopparnyeckHe HHdapKTH! (puc. 2a). Mo3qHee uHtpapKTb! O1eqHEWO 
HW SM Kap] MOKpbiBaeTCA OeOBaTOH pyOWOBOH COEAMHUTEJIbHOH TKanbIO. Ha 103, 
HUX Cpokax cepAlle ApAGJO, a CTeHKAa JEBOrO Key TOUKa UcTOHYeHa. MuKpockor 
yeCKOe HCCJIEAOBAHHe NOKAa3aJIO, YTO B NePBbIe CYTKH Noce ONepallHH B Nopaxke 
HOW OO/IACTH MHOKapja BO3HUKAIOT ABJICHHA MIWEMHH HW reMopparHuu: npHiexKalll 
K JIMraType YUaCTKH MBIILUM OJIeEQHeEIOT, HEPaBHOMePHO H MJIOXO OKpalllHBaloTe 
a Ooslee OTAaJICHHbI€ YYaCTKH MepenOJIHEHbI KPOBbIO, KallMJIApbl H Oomee KPy 
HbI€ COCY]bI CHJIbHO PaCLUMPeHbI, MBILMbI PHmepXpoMaTHYHbI. Bose mHratyf 
M Ha NOBEPXHOCTH MHapKTa MbIIMeYHbIe BOJOKHA H3MCHAIOTCA PaHbllle [pyr 
OnM OueHb GOJIEQHDI, NVIOXO OKPalMBaloTces, PaSBOJIOKHAIOTCA, BAKYOMM3HPYIOTC 
yTpaunBaloT NOoMepeuHylO HCYeEPYeHHOCTbh H HaYHHAaIOT pacnafaTbeaA Ha Cpe 
MeHTbI, YaCTb UX Aep OleHeeT HW MCUeSAET, YACTb CHJIBHO Pa3yBaeTCA, HEKOT 
PbI€C H3MCHAIOTCA MeH€€ SHAYHTEJIBHO; KJICETKH M€2XKMBIIICYHOH COeHHUTEJIbH 
TKaHH H3MCHAIOTCA MEHbIIe, YM MBILICYHBIC BOJIOKHA, XOPOWIO OKpallNBaloT 
HW COXPaHAIOT XKHSHECNOCOOHBIN BH; Me%KLY MbIMIeYHbIMH BOJOKHAMH HaXOUT 
MHOFO BBIIeJIOUCHHbIX 9PHTPOWHTOB WH HEMHOFO JIeHKOWMTOB (puc. 26). Uep 
36—72 4aca nocule onepallun MpokomKaetca parMentalusA HW pacnay, MbILICUH! 
BOJIOKOH B OOslacTH HHCapKTa MW MpOMCxXoAHT seHKOWMTapHad MAU ETpally 
a BOJIOKHa Oovlee rly6OKUX C/IO€B MbILI, IpHoOperaioT XapakTepHylo0 H3BMs 
cTocTb (pc. 26), uTO, BepOATHO, CBH8aHO C pe3KNM H3MeHeHHem (byHKH 
cepaia. [Ipu unbusbtrpanun TepBbiMH MOABJIAIOTCA CerMeHTHpOBaHHble Jett 
WATbI, IpPHOMM3HTebHO Yepes 2—3 cyTOK MocJIe oMepalluu OHH pacmayarore 
M Ha HX MeCTe NOABIAeTCA Macca JIMM@OWMTOB U NomM6snactos. [Ipu pacmeé 
J@HKOUMTOB U3 (pparMeHTOB UX sAep OOpa3ylOTCA XPOMATHHOBEIe Lapbl, yBeuM 
BaloulHecH B OObeMe HU IipeBpalllaiolinecn B MMMPOMMTOMAHbIe KeTKU (puc. 2 
MJIOTHOe HW KPyrJloe APO KOTOPbIX 3aTeEM CTAHOBUTCA Tly3bIPbKOBMHBIM H & 
KJI€TKH MpeBpalilarorcs B NOMOacTHI. Il lonoOHOe MpeBpallleHHe JIeHKOMMTOB B JI 
(POUMTHI H NOMOMaCTbI ObWIO ONMCAHO B ONbITaX Ha KYJIbTypaX TKaHH BHe Op 
yy) 
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(°). Up gerenepatnuu muokapga moruOaer ToMbKO YacTb MbILUeUHBIX 
Apyrax *e COXpaHAeT %H3HECNOCOOHOCTH MH BMECTE C KJIeTKAMM MeCTHOL 
UTCIbHOU TKaHK MepexKHBaeT H MpPHHAMaer yuacTHe B OOpas0BaHHu 
OM TKaHH, YTO COOTRETCTBYeT JMTepaTYPHIM LaHHbIM (7, 12), [pu at- 
| Oomee PIyOOKHX CJIO€B MBI, ACHO BHAHO, KaK MHOFHe MBILICUHBIe BO- 
Ha 3—l1l AHH nocze onepaluH mpeBpalilatorcs B MOubIe capKoNeMMHbIe 
KU, COepKalllM€ BIOJHE AHSHECTOCOOHBIE XOPOWIO CTPyKTYPUpoBaHHbIe 
> OKpy2KalolleH HX WMTOMMa3MOH, OKPallMBalOulMecaA KaK COeCIMHUTeIbHaA 
» IPHY€M YaCTb STHX KJICTOK MHOFEHHOFO MpOUCXORKMeHUA, OGocobIAeTCA 
MaaoulHXCH MbILWeCYHBIX BOJIOKOH (pve. 20). Yoxe yepes 3 WHA MOCe one- 
| COCIMHUTCIbHaA TKAWb HauYMHaeT PaspacTaTbCA Ha MOBepXHocTH- uHap- 
AHHOrO yuacTKa Cepla, 3aMellladt normOwiMe uv aTpotupytonmecs MbIUeU- 
omokHa. Uepes 10 quel mpoucxoyuT nosmHoe paccacbiBaHHe OCTaTKOB He- 
SHPOBaHHbIX MbIIUI, H OOpasoBaHHe FycTOM CeTH KPOBEHOCHbIX CocyJOB, 
IOIHEHHBIX KPOBbIO H MPOHH3bIBaIOWMX MOH Cio elle Hespenol co- 
T@IbHOK TKAHH, OXBATbIBAaIOUleli O/IETHO OKpaIeHHbIe, HO COXpaHUBIINe 
eCyHYIO H MpOMOJbHYIO HCYEPYCHHOCTh KYJIbTH MbILCUHBIX BOMOKOH. Co- 
IBINHECA MbILeYHbIe BOJIOKHa B MOpaxKeHHOH OGwaCTH Mpo_osMKalIOT aTpo- 
BaTbCH HW MpOpacTaTb COCAMHUTEbHOM TKaHbIO, MPHYeM H3 HUX Mposou- 
BbICBOOOKMaTbCA KJIETKH, YYACTBYIOWUHe B OOpasoBaHuu pyOua. Yuactue 
'K MMOreHHOFO MpOHCXOKACHHA B COPasoBaHUH TpaHyAUMl u py6rla Opiw0 
 ONMCAaHO B OMNbITaX C BBEJEHHEM B MHOKapy HHOpOAHHIX Ter (2,14). Uepes 
PH Mocse ONepallWH pasBUBaIoTCA KOJMareHOBble BOJIOKHA H Jasiee No 200 qua 
PXOJMMT CospeBaHHe pyOlla, KOTOPbIM Ha MO3AHUX CpoOKaXx rMaJIMHU3Upyerca, 
» OTTPAHHYMBAECTCA OT MBILUIML HW COMeCP2XKUT CKATHIC H 3AMYPOBAHHble KJI€TKH 
‘pOBKH TremMocHyepHHa. MpmleuHble BOJOKHa He pereHePHpyIOT, HW 3JIeK- 
Te pan nOKa3bIBaeT XapakTepHylo pyOuoByto da3y. B ompirax c wn- 
(OH THMMUYHbIX «MHOMMTOB» OOHAPy2XHBaeTCA 3HAYHTEIbHO MeHbIIe, 4YeM 
pITAX C OXKOFOM M OTCOCOM. 
‘MbT C OTCOCOM. CHJIbHbIN BaKYYMHbIM OTCOC peskO CTHMYJHpyer 
epalluio Kou y yesoBeka (°). Mbl 1pou3BOAHIIM OTCOC MOocTe JeKTpOMMa- 
DKOaryJIAWMH MHOKapfla y Kpbic B TeyeHHe 12, y KpomnKoB 25—30 Muu. 
) mocie omepalluu octasocb Wa yueta 11 Kppic uv 8 KpowuKoB. Kppicbl 
sa6uTpi uepes 1, 2, 3, 5, 14, 35, 50 uw 53 WHA, a KpomMKU Cpa3y Mocse 00- 
rKH u yepes 1, 2, 13, 23,31, 45 u 62 qHA Noce onepaunu. ITpomecc 3a%KHB- 
#1 MOBPe*KCHHOrO MHOKapfa MpoTeKaJI CXOAHO y KpbIC H KposMKoB. Cpasy 
= onepaluuv B OOpaOoTaHHOH CTeHKe MHOKapjla MpOMCXOMT MaCCOBOe pa3- 
bHH€ KPOBeHOCHBIX COCYJOB, OOHJIbHO€ MPOMHTbIBaHHe TKaHeli CBexKell 
ib1O, OOpa3s0BaHHe OOWHPHbIX TreMOpparHyecKHX O4arOB HM paca MbILlley- 
ll ee Ha MevIKHe (pparMeHTHI, He COXPaHAIOUMe HIM COXPaHAIOWLMe 2KU3HE- 
DOHbIe apa (puc. 3a). ABsweHuA cra3a UH HHCPMbTpalMN TKAaHeH SpuTpo- 
M, a3aTeM JI€HKOWMTaMH HW MoOdMO6sacTamu AatTcaA 13—23 YHA Noce ONepa- 
joubiue. Ouar KOarysIMpOBaHHbIX TKaHeH, HH@UJIBTPHPOBaHHbIX KPOBbIO, 
BOpxeTCA B TepBble JHH oCJIe ONepalMH WM 3aMelllaeTCA KPOBbIO HM Coe]H- 
bHOM TKaHbIO. Oxkpy>KalollMe ero >KMBbIe MbIIIbl Take ObIcTpO paspy- 
TCA H 3aMELLalOTCA COCMMHUTEIBHOH TKaHbIO. B Apyrux MecTax 3HauMTeJIbHbIe 
KH MBILUeYHbIX BOJIOKOH OOpa3yIOT CXHHYIO CHHILMTHAJIbHY!O TKAHb, B KO- 
MBILMeUHbIE BOJOKHA YTPayHBaloT MoMepeyHy!o WH MpOAOIbHYIO MCYepyeH- 
H COJep2KaT MHOXKECTBO XKHBbIX MBILMICUHIX Aep, PHOpoOMacTOB uM NOVIM- 
Tos. B mectaxX JaBJIeHHA OTCACbIBalOlerO HAKOHCYHHKAa MBIIMeUHbIe BOJIOKHA 


IMMHbI€ TpyOOUKH, COsepKallHe H3MCHEHHBIC MbILCUHbIe Apa MMOUMTAap- 
Tuna HAM HacTosuMe MuoWUTEI (puc. 36). IIpu arpodbuu Oompa yacTb 
OUHBIX 3VJI@EMCHTOB [MOBPe@XKACHHBIX MBIeYHBIX BOJOKOH He moruOaer, 
yeBPalllaeTCA, MPHYeM H3 HHX BbICBOOOMKMaeTCH MHOMKECTBO BIOJHE AKUSHC- 
OOHBIX Sep C OKpy2Kalouleli HX WHTOMIAa3MOH. OTH KJIeTKH, MH OFeHHOrO 
CXOXKMCHHA, CTAHOBATCA HEOTJIMUHMBIMH OT KJICTOK COCMHHTEIBHOW TKAHH, 
CHO BbIpaxkeHo Ha 13—14 AHH MOCe ONepalluu (puc. 36) u mo3qHee. B ato 
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BpeM B OYare NOBPEXACHHA HOBOOOPasyeTCA MHOMKECTBO KPOBCHOCHBIX COCY] 
Yepes 20—35 jHeli mocie onepaluH aTpOduA MbIIIeYHbIX BOJIOKOH MpoOry 
cupyer, CTeHKa cepjiila ucroHyaetca B 3—4 pa3a HW (PHOPO3 OXBaTHIBaeT HE TO, 
KO 9IIH-, HO MW SHOKapuasbuyio ee cropoubl (puc. 32). Arpodbua mpm, puo 
MW HCTOHYCHHe CTCHKH Cepyua mporpeccupyloT Jo 60 Hel mocaze omepall 
Pa3BuBaeTCA WHTeEPCTHUMaJIbHbIM MHOKAapJHT. 

B mpomecce 3aKHUBJICHHA MHOKapda Moce ero NOBperxKeHHA OXKOFOM, J 
rarypoli H OTCOCOM HaGulOLaloTCA HEKOTOPbIe OOWME YEPThI: OTEK; HHPUJIbT 
WMA TKaHeli SPUTPOMMTAaMH MW Je€MKOWMTAMH; MpoMMepaluA KJICTOK COCIMI 
T@JIbHOH TKaHH B OCHOBHOM AaMHTOTHYeCCKHM IIyYTeM; pacnayl NOJIMHYKJIeap 
H MpeppalileHue cbparMeHTOB UX Aep B AMMOWMTE! H NOHONACTHI; THOe) 
HerevenaluA MW aTpodud MOBPeXMeCHHbIX MbIIICUHbIX BOJIOKOH;, MPeBPalilen 
aTPOPUPYIOWMXCA MbIIeCYHBIX BOJIOKOH B KJI€TKH, Y4aCTBYIOUNe B OOpa3d 
HMM TpaHyJIAWMH uM pyOlla; OTCYTCTBHe PereHepallHH MbILIeYHbIX BOJIOKOH; % 
MeILCHHE pacaBlUMXCA MbILIIL OBICTPO pasBHBaIOUleHCA COCAMHUTEIbHOM TKAHB 
OCHOBHBIe 9TaMbI CO3PeBaHHA HU pasBuTHA PyOua. Beicrpoe 3axKUB.IeHHE MOBpe 
J@HHOTO MHOKapja OOecreyHBaeTCA TEM, YTOB OOPasoBaHHh TpanyJAWM U Pj 
ua yuacrByror: |) KjeTKH TeMaTOreHHOrO MpOHCXO*KAeHHA (NOMMHYKMeap 
JIMMOWUTHI, MoOWHOsacThl); 2) MepexHBLIMe KJIETKH MeCTHOH COeJMHHTCJIBH 
TKaHH H 3) MepexXHBLUHe MHOFeHHBIe KJICTKH. 

OyuakoO KaxK[blii BAX MOBPeKCHHA BbISbIBACT B MHOKapJl€ CBOH OCOOBIE | 
MeHeHHa. OxKOr MPHBOAUT K MTHOBEHHOMY Me€CTHOMY, O4arOBOMy YHHYTOKEH 
yyacTKa MHOKapjla, OOpa30BaHHIO MHOXeCTBA MHOWHTOB HM OTHOCHTEJIbHO OPP 
HMYCHHOMY Y4aCTHIO MHOFeHHbIX 3JIEMeCHTOB B OOPa3s0BaHHH TpaHyJAWMu U Pp 
leBaHHu paHbl. Havloxkenue JIMraTypbl Ha BeTBH BeHeYHbIX apTepHi NpHBOs 
K HapyWI€HHIO NHTaHHA, AHOKCHM UM MOCTeMe€HHOMY OOpa30BaHH!O pa3JIMTO 
uHdapKTa, HUWIEMHH WM reMOpparHH; BOSHHKHOBeHHIO OOWIHPHOrO OYara HeKpO 
MW JlereHepaltuu; 3HauHTeMbHOMYy 0 OObeMy MpeBpallleHuIo aTpodupytoulUx 
MbILNeCUHbIX BOJIOKOH B rpaHYJIAWHOHHY!O H PyOWOBylO TKaHb; OrpaHHueHHO! 
OOpa30BaHHIO KJICTOK MHOWMTapHoro THMa. Orcoc BbI3bIBaeT OCTPoe, OBICTP 
HM CHJIbHOe pa3pyWICHHe MHOXKECTBa KPOBeCHOCHBIX COCYJOB H MbILICUHBIX BO 
KOH; CHJIbHeHLIYIO HW Ha JWIMTCIbHOe BPeCMA PacTAHYTY!O HHPHIbTpPauHlo pasp 
MMarOulerocA MHOKapa SPHTPOWMTaMU, a TaKKe JICEHKOWMTAMH, JIMM@OLMTAl 
HM T1OmMOsacTaMH; OBICTPbIM JIH3HC Pa3PYUIeCHHbIX MBI; Obicrpy!o aTpody 
MBI, (PHOpO3’, HCTOHYeHHE CTeCHKH Cepia H HHTePCTHUMaIbHbI MHOKapIM 
MaccoBoe OOpa30BaHHe KJIETOK MMOreHHOrO MpONCXO*KTeHHA U3 paspyulal 
ULHXCH MbILUII C MHOXKeCCTBOM MHOWHTOB, KOTOPbI€ aKTHBHO YUaCTBYIOT B OOF 
30BaHHH TpaHyJAWMH HW pyOla. . 

Bee TpH pola MOBpexKeHHA, KaK H HaHe€CCHHE Pe3aHO-KOJIOTHIX paH, Mp 


B TO BPeMA KaK JIeCKTPOMMATEPMOKOALYMALUA CO3LaeT YCOBHA WIA pereHep 
IMM MbILUM BHYTpH O¥ara NMOBpexKeCHHA MHOKapsa. 


UWuctutyt Mopdonornu x#uBoTHEix um. A. H. Cepepmosa Nocrynuso — 
Akajemuu Hayk CCCP 25 XII 1958 
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